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Rapport  sur  l'état  actuel  des  recherches  sur  l'action 
de  la  lumière  du  jour  sur  pigments  organiques  des  en¬ 
luminures  du  moyen  -  âge . 


présenté  au  groupe  "  Enluminures  de  manuscrits" 
au  Comité  pour  la  Conservation  de  l'ICOM 
Madrid, octobre  1972 


ri  c Roo s en— n unge 


Afin  de  pouvoir  étudier  1  '  influence  do 
des  pigments  organiques  d ’ enluminures  « 
choisi  le  pr o  c  o  a e  c  u i  sur t : 


lumi 


1 .  Prépara t ion  de  modèles  peints  avec  les  pigments  choisis» 

2.  Passer  ces  modèles  peints  à  un  premier  examen  spectral-photc- 
mé trique ,  appareil  registrant  automatiquement  ¿eiss  DrfR  21. 

des  examens  ont  été  faits  sous  la  direction  de  M.E.Czjgæ  dans 
son  Institut  de  Pharmacognosie  de  1 'Université  de  Würzburg. 

3.  Exposition  des  modèles  pendant  un  certain  temps  détermine  -a 
la  lumière  du  .jour  en  mesurant  la  quantité  de  la  lumière  tom¬ 
bant  dessus  avec  un  Luxmeter  automatique  a  cellule  oélenj.f -j-e- 
Cette  exposition  àt  les  mesurages  ont  eu  lieu  dans  l’Institut 

de  Botanique  II  de  l’Université  de  Würzburg  sous  la  direction  de 
M.O.L. Lange  par  M. L. Kappen. 


4. Passer  les  modèles  à  un 
Ces  examens  ont  été  faits 


second  examen  spectral-pho lomét 
comme  sous  2. 


ique . 


5. Comparer  et  commenter  les  courbes  de  no. 2  et  4 


1. Parmi  les  pigments  organiques , nommées  dans  les  traites  ou  haut 
moyen-âge,  j’ai  choisi  ceux  qui  me  semblaient  les  pins  délicats, 
c.a.d.  folium,  indioum,  suocus  porri,  succus  gladioli,  suecas 
cáuíae ,  crocus,  sanguis  draconis,  bresilium,  kermes  (cru),  ker¬ 
mes  -carmin  (préparé  à  l'alun),  Jcermes-vermiculum  (préparé  au 
citron  ou  au  vinaigre) , 

j  Lavai  s  espéré  pouvoir  présenter  des  moa-ales  ae  ces  pigmenta 
ceints  au  pinceau  sur  parchemin  a  ±a  spec  Cral-p.aotoiimt.ni~. 
les  premiers  résultats  montrèrent  que  le  parehain  absorba  oeeu- 
coup  trop  de  la  lumière  traversante  pour  pouvoir  acquérir  des 
diagramme s  1 i s i d le s  *  0 r , 


■i  fait  d'autres  modèles  de  pigmento 


sur  verre  et  j'ai 
et  avec  des  quant. 


j  s  py,  aré  b  À.  mod  9 1  e  s  ce 
varices  ne  c i ai 8 a 


différente  épaisseur 
:>  cisne  1  .i  mit . 


2 .Le  premier  eximen  spectrai-pnotome trique  qvt  u- 
r  árame s  (  v oy e z  1  * anne x e )  fu z  fait  en t r e  le  4 , 4  .  ?: 
aussitôt  après  les  mesurares  les  modèles  ont  été 
scurité  absolue  d’une  boîte  jusqu’au  12  mai* 


i u s  a  orina  oí  c‘.i¿ 

TÍ  ■ J  le  .  i‘r  f  ! 

remis  dans  3  • o 


3  .à  partir  de  ce  jour,  12.  mai,  jusqu’au  2o  juillet  ils  ont  été  ex¬ 
posés  à  l'Institut  Botanique  dans  une  pièce  donnant  à  l'est.  Nous 
avons  oien  pris  soin  de  ne  jamais  laisser  entrer  le  soleil  di¬ 
rect  dans  cette  pièce  pour  que  les  conditions  d *  expositions  scient 
aussi  semblable^ crae  possible  à  celles  d’une  salle  de  bibliotnèque 


>h 


ou  de  musée  ouverte  du  matin  jusque  vers  itf x  où  on  fermait  les 
volets  sans  alum  er  la  lumière  électrique.  Vers  21"”  un  conto  leur 
visita  chaque  soir  le  lieu  en  allumant  pouhpeu  de  temps  la  lumière 
électrique.  Sur  un  fond  de  parchemin  les  modèles  peints  sur  verre 
ont  été  groupés  directement  autour  du  Luxmeter  à  cellule  sélénifèr* 
et  muni,  d’un  verre  opal.  Le  Luxmeter  mesura  toutes  les  lo  minutes 
la  quantité  de  lumière  en  préparant  un  diagramme (une  courbe)  très 
étendu.  L’évaluation  de  ces  valeurs  sera  faite  plus  tard. 


4.-°e  8. août  fut  fait  la  seconde  série  de  diagrammes  spectral - 
phot orne triques,  les  courbes  se  trouvent  sur  les  mêmes  feuilles 
due  celles  des  premiers  mesurages.  L’intensité  des  couleurs  a  été 
mesurée  cette  seconde  fois  à  la  même  plaee  des  modèles  qui  avait 
été  examinée  la  première  fois. 


5. Sur  les  31  feuilles  qui  suivent  ce  rapport  on  trouve  les  61  dia¬ 
grammes  correspondant  aux  61  modèles  de  pigments  passés  à  1 ’ ema¬ 
nen  spectral— photometrique .  Les  numéros  des  diagrammes  corresponde 
à  ceux  des  modèles  peints  sur  verre  et  nommés  dans  la  liste  ” Be¬ 
leuchtungsversuche  mittelalterlicher  Farbstoffe” „ 

La  coordannée  verticale  indique  le  degré  de  transmission  de  la 
couche  du  modèle  peint  envers  la  lumière,  zero  enhaut  le  minimum, 
loo  enbas  le  maximum ,  La  distance  plus  ou  moins  grande  entre 
deux  courbes  comparables  signifie  donc  un  changement  de  trans¬ 
mission  plus  ou  moins  grand.  Le  relèvement  vers  le  haut  indique 
une  diminuât ion  ae  transmission,  1 ’abaissement  vers  le  bas  cor¬ 
respond  à  und-  aanmeni.  n,tion  de  la  transmî ssion.  La  coordonnée  hori¬ 


zon!; 


.  e  s 


courbes  son  i'.  nonces  -  Parfois  in  y  en.  s  p  tus  q ur-  ne*,  a.  po.-  ■'•  ■: 
parc  a/n  .¿s ,  coneicerans  1.2  ue&>i  é  ci-.;  •..  t  _U' 

on  a  cié  obligé  de  rechercher  pour  la  première  courre  la 
intensité  de  la  transmission*  Ces  valeurs  cas  esc  ir orque es 
à  gauche  des  cour  oes  (o  -  loo,  o  ~oo ,  o  -  ro<  o  ~  .-.o  ,•  . 

Les  diagrammes  ci-joiniô  sont  le  résultat  a  *  un  premier  examen  «  ,• 
ne  donnent  cas  encore  de  certitude  statistique*  un  aucun  ci. 
nout  en  tirer  des  conclusions  définitives,  néanmoins  on  peut 
déjà  constater  que  les  couleurs  que  nous  avons  exposees  pendc.no 
7 o  jours  ;  ont  éprouve  des . changements  *  v 

nous  comptons  continuer  cette  série  ci ‘experiments.  Les  mêmes  mo¬ 
dèles  de  pigments  seront  encore  exposés  plusieurs  ¿Oa.fi  a  ic. 
lumière  du  jour  pour  savoir  à  quel  point  une  exposition  per¬ 
pétuée  influence  les  couleurs.  D’autres  séries  seront  faites 
pour  les  exposer  à  des  lumières  artificielles.  En  outre  il  nous 
barde  de  rechercher  à  quel  point  1  ners  la  numere  j a  ’  au  tu  to  Ccv-^e 
comme  par  exemple  l’oxygène  de  l’air  ont  contribué  au  changement 
de  la  palito  des  couleurs.  Nous  peindrons  2  séries  de  modèles 
pour  en  exposer  une  à  la  lumière  du  jour,  l’autre  en  mune  temps 
sans  lumière  uniquement  à  i'  oxygéné  de  l'air  et  pour  constater 
les  deux  effets. 


Enfin  nous  sommes  spécialement  Interesses  a  recnercher  t-ne 

série  d  ’  experiments  analogues  quelle  est  la  aose  de  luma,  m e  du 
jour  (ou  artificielle )  supportable  par  les  couleurs  or^ai-oues 
des  anciennes  enluminures  sans  un  effet  nuisible,  nans  b ’e usemos 
de  ces  ouest  ions  il  sera  util  de  se  renarecomp  ce  de»  o-ixo^s  o.c-~> 
différents  filtres  dot  parle  le  rapport  "Products  and  Instrument 
suitable  for  use  in  Museums  for  protection  against  damage  by 
light”  du  groupe  de  travail  "Eclairage”  ce  noire  comité,  distri¬ 
bué  au  congrès  19o9* 


"Eclairage” 


Methodik; 


Gerät:  Zeiss  DKR  21 

:  — —  Kegiâtriergeschwiîiàigkeit  : 
i-.-::  ^  .  15  liin/  Trcrnnelundrehung 

-•'-I- - ¿sgistrierdispersicn:  2  na  am 

!  transmission:  0  -  iGOsS,  bav/.O  -  10<¿ 

0  3V.  0  -  20?i,  bsv; .  0  -  50/», 
pachte  Angaben  an  Reeler  Kurve! 
_ ‘Vellen-Lcingenintervall:  SCO  -  32O  nm 

i  '  •;  Datun:  27.4.72  bsw.  14.8.72 


Substanz: 


Objektträger 


Kr.: 


6 


Gerat:  Zeiss  DKR  2 1 
Kegistri  erge  s  chv/ind  igkei t : 

*  -  i-i n/  Tr  eme  la  rndr  ehung 
.egistrierdispersion:  2  nn  0  1  mrn 
xrans?., rssion:  0  -  1  00;/> ;  bzv/.O  -  10^. 
pzv.  0  -  20-:,  bsw.  0  -  50;:'.,  '  ' 
o-aci. i-e  Angaben  an  jeder  Kurve! 
veilen.:  engenint erva  11:  800  -  320  nm 

Data:::  27.4.72  bsv/.  14.8.72 
niD.iOCkLkL  Objektträger  Kr.:  ^ 
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Methodik: 

Gerät:  Zeiss  Dl-iE  21 
Kegistriergeschwindigkeit: 

15  Mil?/ TroEnelundrehung 
Segistrierdispersicn:  2  nrn  =  ■]  ¡nm 
Transmission:  0  -  lOG^i,  bzw.O  -  10Z 
bzv.'.  G  -  20- G ,  bzw.  0  -  50)4, 
beachte  Anraten  an  jeder  Kurve! 
V/ e 1 1 en län  genin t  e  r  va 1 1 :  800  -  320  nm 

Datum  :  27.4.72  b  zr.-i .  14.8.72 
Substans  :  Objektträger  Ur.: 
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"zizzp 


our 


0  :n: 

-  1— 
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. -  rr - 

rZ./r 
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Methodik: 

Gerät  :  Zeiss  DKR  21 

Segi s  tri erge  s  chwi ndigkei t : 

^  Z  ilin/ Tronu-ieiumdrehung 
n  e  g  i  s  t  r  i  e  r  d  i  s  p  e  •  s  i  o  n  :  2  nn  =  1  nm 
iransmis.si  on:  0  -  iCGrh  bzw.O  -  ^  0'/> 
o ::w .  0  -  2  CD,  bzw.  0  -  50)h  ’ 

, ,  bcaciite  Angaben  an  jeder  Kurve 
.veil  enlangenint ervall :  000  -  320  nm 

Datu  i  !  :  2  7 . 4 . 7  2  n  zv; .  14  .0.72 

tu os rann:  Ob jektträger  Ur,:  ZL 
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is».  ?  —  - 


Tn)  v 


Methodik: 

Gerät:  Zeiss  DMR  21 
Registriergeoeliwindigkei  t: 

1 5  Mi  n/  Tr omme luadrehung 
Registrierdispersion:  2  ms  *  î  mía 
Transmission:  *  0  -  lOOjS,  bzw.O  -  10 
bzw.  0  -  20; j ,  bz vi.  0  -  50;», 
beachte  Angaben  an  jeder  Kurve! 
Vv  e  1 1  en  längenin  t  erva.ll  :  800  -  320  nm 

Datum:  27.4.72  b zv; .  14.8.72 
Substanz  :  Objektträger  Hr.: 
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Methodik: 

Gerät:  Zeiss  2KR  21 

Régi  s  tri  ergeschv/indigkei  t  : 

15  Min/  Tr ornne  luiridr ehung 
Rogistrierdispersion:  2  run  =  ’l  mm 
Transmission:  0  -  IOO5S,  bzw.O  -  10;', 

0  7V/.  0  -  20;>,  bzw.  0  -  5 on, 
oe achte  Angaben.  an  jeder  Kurve! 
V/ eilen lü .ngenint e rva.1  1 :  800  -  320  ma 

Datum:  27.4.72  b zw.  14.8.72 
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Substanz  :  Objektträger  Kr. 
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Methodik: 


I-  : 
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—  " — - ~r-  Gerät:  Zeiss  DKR  21 

'  j  :  '  :  •  Registriergeschwindigkeit: 

- ; ~ ~  r*:  15  Kin/  Tromnelundrehung 

:  Registrierdispersion:  2  m  =  i  mm 
::--4 r-4- - •  -T".:*:--'- - rtr  transmission:  0  -  100‘¿,  bzv/.O  -  io£, 

• - J'  v:  . b zxr .  G  -  20?i.  bzw.  0  -  50?«, 

- . - i - beachte  Angaben  an  jeder  Kurve! 

i  Vi  .1  V;  -VW  i”;  Vieil  en  längenint  ervall  :  800  -  320  nm 
-rrr^.-r - ; - ~:~r— 'rr ;  Datum:  27.4.72  bzw.  14.3.72 


:ll._ ' .  ’  :  Substanz:  Objektträger  Kr.: 
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- Kethodi>Ü_  •  ^ 
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T“;"  beachte  S0&  -  52° 

viellenlbhsenantecva-l 

07.4.72  ^ 

.  :  Dat*^ ‘  „ .  0  ekt träger  Kr .  : 
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G.IK  -  -  - - 

Hethoctik:  • 

Gerät:  Zeiss  M  21 
Regis  tri  erge  s  chvindigfce  i  t  : 

15  Iim/  Tr crane  lundrehung 
Registrierdispersion:  2  nm  A  -)  nm 
Transmission:  0  -  lOü'ó,  bzv/.O  -  10°/j 
bzw.  0  -  20' a,  bsw.  0  -  50>»,  ’ 

t  beachte  Angaben  an  jeder  Kurve* 

v/el  1  enl  ängc-nint  e rvali  :  800  -  320  nm 

Datum:  27.4.72  bzvr.  14.8.72 


!  Substanz:  Objektträger  Kr.: 
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Methodik: 

Gerät:  Zeiss  DKR  21 
K  egi s  t  r i erge  sohwi ndi gk  oit: 

.  '5  h-i-n/  Trommelumd rehung 

registra erdi sper si on :  2  nm  T-] 
Transmission:  ü  -  icon,  bzv.O  -  ?o*í 

b-v/._  0  -  20r»,  brv; .  0  -  50’/>,  '  ’ 

>.r  -  -  «eacm.e  «n gab en  an  jeder  Kurve! 

»ej.ienlirigeninterva.il:  800  -  320  run 
Datum  :  27.4.72  b zv; .  1 1  . 8 . 72 


!  - 


Ob  j  ek  Träge 


•'  !:r-v/7 


ri  ik  r 


G  y  m  i  :  Zéros  Di-üi  21 

Registri  ergesebvi  ndigkeit: 

1  3  hin/Trommelundrehung 
líe  ¿-is  trier  di  s  per  si  or.:  2  nr,  =  1  mm 
Transmission:  0  -  iCOh,  bsv/.O  -  1 0,' , 
OZ':J.  0  ~  20;  ó,  o  zw.  0  -  50/í, 
beachte  Angaben  an  jeder  Kurve! 
Well  enlängenint  ervall  :  SCO  -  320  rua 

Datun:  26,4.72  tzw.  9.6.72 

Substanz:  Objektträger  Kr.: 
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Methodik: 

Gerät:  Zeiss  Di' IR  21 
Registri  ergeschw.indigkei  t  : 

1  5  Mi  n/ T  r  o rar  e  lum d  r e hung 
Registrierdispersion:  2  nm  =  1  mm 
Transmission:  0  -  100h,  bzv/.O  -  10?$, 
bzw.  0  -  2 Ofj,  b zw.  0  -  30/j, 
beachte  Angaben  an  jeder  Kurve! 
Vtellenlèingenint  ervall :  800  ~  320  nm 

Datum:  27.4.72  bzw.  14.6.72 

Substanz  :  Objektträger  !7r.:  ^ 


V- 


\¡ 


/ 


■  -^G 


7 


:  -Gf\ 


-i— X- 


t - i 

!"  *  »  "  Î  ‘  “  • 

1-0  "  :  ! .  -bl 
I-- . ¡- - J  •! 

' 

f  - 

1'” 

j-  -  }  \  -  • 

" .lt  „r '*  i  7. 

O 


Ilethodik: 

Gerät:  Zeiss  DKR  21  _ 

R  e  g  i  s  t  r  i  e  r  g  e  s  c  hw  i  n  d  i  gk  e  1 1  : 

15  Hin/  Tronunelundrenung 
Registrierdispersion:  #2  nm  =  1 

Transmission:  0  -  ICO*/»,  kzw.O  _ 

bzw.  0  -  205»,  dzw.  0  -  50/», 
beachte  Angaben  an  jeder  Kurve, 
b'ellenlangenintervall:  SCO  -  32 0  nm 

Datum:  26. 4-. 72  bzw.  9- «*72 
Substanz:  Objektträger  Kr..  ^  ^ 


mm 

105», 


_ --U 


A  . - - - 


ir.  i  i  r 

-V  r-_  . .  _  _ 

ro  \i_  : 

rrzpr- -  ji.  r..|  'z+:  _ .  ;  / 
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-Jhaf-  h-:-.:b: / b;  u 
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val: -  j  • .  .  r : 

"  7-iVi  :7-3 

-  t-  -• 

7  V  :'  "  1  Vv 
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;  : . 

.1.  - 

Methodik: 

Gerät:  Zeiss  DUR  21 

Régi s t r i e rge  s chwi nd i gke i t : 

15  Hin/ Trommelundrehung  • 
Registrierdispe'-sion:  2  n~i  =  1  nun 
Transmission:  0  -  100/5,  bzw.O  -  10/5, 
bzw.  0  -  20’Ó ,  bzw.  0  -  SOG, 
beachte  Angaben  an  jeder  Kurve! 
V/  e  1 1  en  längen  into  r  valí  :  800  -  320  nm 

Datum:  26.4.72  b zw .  9*8»72 
Substanz:  Objektträger  Kr.: 


~vK 


/ 

/ 


\  . 


/ 


-l~  -4 


- j— 


L— j: 


-f*z 


~—.r: 


?■■  — — ! - I — pr  ■  t - 4 — - — r— — 4 - r - 


- j - f—  —I - f - !  — r —  r--_— -t  v  i  Gerat  : 


— t- 


4 


Methodik: 


■—lr. 


rrr 


-“-4- 


rrt: 


Zeiss  DMR  21 

Registriergeschwindigkeit: 

. . . .  15  Min/ Trommelundrehung 

^--.1-— Registrierdispersion:  2  nn  =  1  ran 

’ .  '  Transmission:  0  -  100#,  bzw.O  -  10#, 

b ZU.  0  -  20#,  bzw.  0  -  50#, 
beachte  Angaben  an  jeder  Kurve! 
V/ellenlängenintervall:  800  -  520  nm 

Datum:  7.4.72  bzw.  8.S.72 


Substanz:  Objektträger  Sr.:  2  G 


i  _r.: 


4%4=4 


,•  r.: 


ir::r± 


i  . r  _ -| - j 


4  . . <- 


'•  r4f~-E=4 


£=p 


- t— 


— ,•  - 


MM 


- j-  'o— j  , 


4444441:: 

-  —  ----r— 
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Mi 


1 


4— 


-  rr-Lf 


— ~rr: 


Methodik; 

Gerät:  Zeiss  DKR  21 

Registriergeschwindigkeit: 

15  Min/Tromnelumdrehung 
,  Registrierdispersion:  2  nm  ='l  mm  , 

i.  II  j _ :  transmission:  0  -  100#,  bzw.O  -  io#/4  4- 

j.'.  -  bzw.  0  -  20#,  bzw.  0  -  50#,  "  .-.Ü 

lli  1r  -  ,  beachte  Angaben  an  jeder  Kurve!  ~— 
}.  .  .  i  weilenlangenintervall:  800  -  520  nm 

:  i j‘  Datum:  7.4.72  bzw.  8.8.72  ;  Tv'rrr 

S  u  b  s  o  an  z  :  Objektträger  Nr»:  2  t?  '  ■ 


■  F-  1 


44 

■¡.41 


;  ..i.  -  • 


-1— 


vs 


i 


Mo the dik: 

Gerät:  Zeiss  Liiî  21 

it  egi  s  t  r  i  e  r  ge  s  c  hwl  nd  i gk  e i t : 

15  i-i  n/ Trorr.r;elundrehung 
Regí  strierai  see;  sien:  2  run  A-  1  an 
Transmission:  O  -  100‘S,  bsv/.O  -  ioL, 

Q  -  20;  j»  bsw.  0  -  5Q-,Z, 

0 sachos  Angaben  an  jeder  Kurve! 
'■’le  lie  n  1  bin  g  e  r  inter  •  v  a 1 1 :  800  -  520  ma 

Datum:  7.4.72  bsv>.  8.8.72 
Substanz:  Objektträger  Kr.: 


■  '  i 


r  •- 


T 


iiethcdjrv  ; 

Serüt:  Zeis3  H5  g 


L.Í 


-  ri-cQ 


ne°r  ,‘  St^e-rf  e scî-v/indigkei  r  : 

2egistriel4X;e?yo^pr;hUVS 

1  -  aJ-SMi  s  sr  on  :  o  -  1  rira 

bzu.  0  -  2C;;'"b^ 

>  •  '"elle'11Înficni.-,tiÎ4Ï?J.£‘î.  ¿«¡ekij’irve! 
: .  **<»■•  r.,. 7J  oZ;,:s:b.72J  ~ 350  M 
— 7tanz-  ^bje.;ttrsi£er  ; 


7 
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r. 


-“-Ti 
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t- -i- 


■t-a---  i- 


-  -  i  -  - 
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Z  i 
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b- 

Lr  .  i 

-1-^: 


■b:  -  - 


'e-tV.  •  '  i 


•jorc.-r :  Zaleo  DI .R  21 

k-  -  vrier  '¿col  iv/i  n d  i ;  :  o  1 f  ; 

'5  i rromne lümc rahun r 
îÆ  J:fX5t RPe?  sien  :  2  nm  -1  ,  ra;a 
uar.S!,xsSi°n:  0  -100^,  bzv/.O  -  iojJ, 

ü  7*w  •  -  -  ?0;o,  bzw.  C;  -  50ÿif 
bëaeh.^e  Angaben  an  jeder  Kurve» 
»elle..lcinger_utervall:  600  -  320  ran 
Datura:  5.41 


Substanz  : 


bzw.  8.3.72 
Objektträger  Kr.: 


. . 


j.:_:  t 
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J..: 

_r 

~  — 

.  Hethod.ik: 

.  .  Gerät:  Zeiss  D23?  21 

Hegistriergeschv/indigkeit: 

.  1 5  Win/  TroEnelundrehung 

Hegxstrierdispe--  sion:  2  nn  =  1  mm 
j__  transmission:  0  -  löb#,  bzw.O  -  10SÍ 
bzw.  0  -  20;j ,  bzw.  0  -  505Í,  ’ 

a_.r_.  T.  t-,  beachte  Angaben  an  jeder  Kurve! 
i._.r  »eilenlangenintervall:  800  -  320  na 

Datum:  6.4.72  bzw.  8.8.72 
Substanz:  Objektträger  Nr.:  3-^ 
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Ha tbodik: 

Gerät  :  Zeiss  LKR  21 
-  Reß1  s  tri erge  s  cliv/ir.di  gkoi  t  : 

!  .  ^5  I-b.  11/  Tro  ein  e  lumd  r ehung 

.  :  Hegi  3  triera  i  sper-  si  on  :  2  nm  =°i  nm 

rransau selon:  0  -  100^,  bzw.O  -  10^ 
bzw.  G  -  20/ j,  b  sv/.  0  -  50/>, 

:  T.r  T  T  beacnte  Angaben  an  jeder  Kurve  ! 

..  »  e- 1  enlangeni  n  t  ervall  :  SCO  -  320  nm 

I  Datum:  6.4.71 


Substanz  : 


b sv/.  8.8.72 
Ob  j  ekt träger  In 


"t~r— t  g~. 

:  •  1  /•  f 

i.— 


H 


:  '  . 

t 


method ik: 

u-erat:  Zeiss  DIOR  21 

"L  -G1 strie rge s  c hv/i nd  i  gk e i  t  : 

ir  Troanelunarehu’!«- 

«^istMeroispej-sio»!  2  no  à",,  r™ 

V.'cllenl^ngenint  ervall  :  ! 

Datum :  6.4.72  bsw.  8.8.72 
Subsleuiz^  Objektträger  Hr.;  “7 


•.  L-r  :r 


T~ 


—  r-  ■ 


ûo  O  . 


_ J_ 


- -  -.I  . 


i.  .  i:r; 
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- .  -■  - 

/■^7/.: . .  : 

.Methodik 

Gerät  :  Zeiss  DîiR  21 

Kegi s  t r i erge  s chwi nd igkei t: 

15  Hir/Trommeliindrehung 
Segic trieráisp9v  siori:  2  nm  i  ’i  ^ 
iransmi ssicn:  0  -  ICO/,  bzv/.O  -  1 0/» 

bsw.  0  -  20;  »,  bzv/.  0  -  50’; i, 

,  _r  _  beaciite  Angaben  an  jeder  Kurve! 

;  iveilenlcbigrenintervali:  800  -  520  na 

:  ■  Katun:  6.4.72  b  zw.  S.8.72 


Substanz:  Objektträger  Kr.:  J  ^ 


Methodik: 


Gerät  :  Zeiss  KKR  21 
Segi  stri  er  ge  schv/i  nd  igke  i  t  : 

15  üi n/  ïronir.e litzidr ehung 
Kegistrierdispersion:  2  nm  =°1  mm 
Transmission:  0  -  iro/,  bzw.O  -  10'/», 

bzv/.  0  -  20/»,  b::v/.  0  -  50/, 
beachte  Angaben,  an  jeder  Kurve 

:!e  1  ]. en  1  •  ngo n i n t o r va X 1 :  &C0  -  520  nm  * 


;  .Datum  :  6 . 4 .72  bzw .  8 . 8 . 72 
i  »Substanz  :  Cb  j  ek 1 1 r; •  •  ; c r  in-.: 


?S~ 


! 


Methodik: 

Gerat:  Zeiss  DMR  21 
Regis tri ergeschwi ndigkeitt 

1  5  Mi  n/  T  norm  e  lund  r  ehung 

Registrierdispersion:  2  nm  -  1  ram  ^ 

•Transmission:  0  -  lüCví,  bzv/.O  -  10>. 
b zw .  0  —  20°i ,  bzv/.  G  —  50;>, 
beachte  Angaben  an  .jeder  Kurve! 
Wellenlängenintervall:  800  -  320  nm 

Datum:  6.4.72  bzv/.  8.8.72 
Substanz:  Objektträger  Kr.: 

3g? 


- : 


Methodik: 

Gerät:  Zeiss  DMR  21 
Regis  tri  ergeschv/indigkeit: 

15  I-Iin/Trommeiuindrehung 
Registrierdispersien:  2  nm  =  1  mm 
Transmission:  0  -  iOGf;S,  bzv/,0  - 

bzw.^  ü  -  20^4,  bzv/.  0  -  50?i, 
beachte  Angaben  an  jeder  Kurve! 
Wellenlängenintervall:  800  -  320  nm 

Datum:  6.4.72  bzv/.  8.8.72 
Substanz:  Objektträger  Kr.:  ^ 


r- 


Fim 


li9thoöik:_  ! 

werát :  Soi  gs  Tjm?  o-j 

r- -or-- e  tra  ergeschwindigkei t  : 

j£.^o->  r c ri? s  1  v. n d r s hun g 

n -■t-'iaispsvs.iori:  2  -  i 

Sr  or.  Swiss’  on-  0  i,--,'  ;  “  1 

,»»•.  o'- 2k:^.bS":°3ôii105:’ 

icá* -' 5!?Suïr  ! 

Bau,,-,:  5.4.72  bn,,.  s.S.72 
Subö_i,anz2_  Objektträger  hr.: 


^0 


■ ....  !  : 


I  ....  ! - ! 
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'fT  rjV 


--Ï 


í"~fí 
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Kethodik: 

•  Gerät:  Zeiss  DiJt  21 
i-Ltígi  s  tr  i  er  ¿re  schwi  net  i  r}-r>  i  t  • 

HeeistiLSXpsí’Sonfílh8, 

Iransmission:  o  -  .100,5,  bnv,.0  -  Í05Í 
onv/.  'j  -  ?C;,,  biw.  o  -  sos! 

i  «eUenlSjïÎLt^aïï:  ! 

-  Da üum:  6.4.72  bzv/.  8.8.72 
j  2jibstanzj_  Objektträger  Kr.: 


•  I'-’ 


tr;-- 
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V- 


■ÿ"  0  v 
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!  -Ci L'i  ..H  71 
;  l',-j  ■  '.s  crio?v:<;;-;ci.v.' 

15  1 1 2 i .  j. 1. 

■  ;ir; trierd.:  spo?  sic:::  :>  1 

Z r  ruisrai s  s  i  e  n  :  0  -  -  j 

ozw.  G  —  Pi  ,  ,  ij  'V/ .  o  -  r‘Gy'ji 

I  búcICiltíi  Aü.  tbt'Ji  aj:  ;yp  I 

|_:  ’J Icinßenin  t  ervall :  -  3?o'nm  ” 

^ .  ;  ^atusi  :  5*4-72  bzv .  & .  G  -  72 
Substanz;  Objektträger  Gr.: 
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Hethodik:  . 

Gerät:  Zeiss  DKR  21.  . 

r<p-'i s  triergeschwinctigkei  i- : 

■J  i5  ixx  i v  T r  o  ran  e  lund  r  e  nur.  g  ^ 

Hsgistrieraispersion:  2  nn  =  »  J- ^ 

Transmission:  0  -  1^0/j,  ^  *  .  1  ’ 

bzw.  0  -  20;'-,  bzw.  0  -  OG.  -, 
beachte  Angaben  an  Jeder  ^rve! 

Wellenlängenxntervall:  cL'u  3 

Datura:  4-4.72  bzw.  8.8.72 
i  Substanz:  Objektträger  Nr.: 

r  % 


y 


Ilethodik: 


Gerät:  Zeiss  DMR  21 
R  e  g  i  s  t  r  i  e r  ge  s  c  kw  i  nd  i  gïc  e  i  x  : 

1  5  L:i  *v  Tronunelurndrehung 
Régi  s  t  r  I  e  rd  i  spe  ■  s  i  on  :  2  run  =  1  rara 
Transmission:  0  -  1  OG(;j ,  bzv/.O  -  10?.», 
bzv.  ü  -  20-;  ;,  b  zv: .  O  -  5Û;'j, 
beachte  Angaben  an  jeder  Kurve 
V,re  1 1 en  1  enge nint e rvall :  300  -  320  nm 

Datum:  4.4.72  bsv/.  0.3.72 
Substanz  : 


Objektträger  Dr, 

H 


-T  ro 


1 . 4  ri  i •  j -H  el-iT'-fi  I  i~t  j  l,rl‘T  n 


Methodik: 

C-erät:  Zeiss  Día  21 

Regi  s  tri  er  ge  s  chv/ir  d  1  gk  ei  t  : 

.  15  Hin/  Trcmnelundrehurg 

Rsgistrxerdispersion:  ?  nm  n”n 
transmission:  0  -  JOOJÍ,  bzv/.O  -Un' 

bzv/.  0  —  20/j,  bzv;  *  0  -  5O7? ,  ? 

t.,-  -,  H  g  achte  Angaben  an  jeder  Kurve! 

n-eiienlangenintervall:  800  -  320  nun 
Datum  :  4.4.72  b zw.  8.8.72 


-—4 


Substanz:  Ob j ek 1 1 räg e r  Nr , 


ó  <3 


Methodik: 

Gerät:  Zeiss  DHR  21 
rfegistriergeoci  1  w i n d i gk s i t  : 

_  15  Min/Tromnielumdrehu-r 

negistrxerdispersion :  2  n.i  A"i 
iransmscion:  0  -  iCC'i,  b™  0  -  1."-' 
bzv.  0  -  20;.;,  bzw.  0  1'  s,/i 
,,  -, -,  beachte  Angaben  an  jede-'’  Vurve  * 
>.■  e  1 1  en  1c ,  ngenin  t  o  r  val  1 :  80G  ~  820  nu  ' 

Datum  :  4.4.72  bzv;.  8.8.72 
Substanz:  Objektträger  Nr.: 


_  ^  __  . 1:...  : . . 

Methodik: 

Gerät:  Zeiss  DKR  21 
Registriertes  chwind i gk  ext: 

1  5  Hi n/Tromme  lunar ehung 
Registriex’dispersion:  2  na  =  1 
Transmission:  0  -  _10G/Z  ^zv,*0_  , 

b zw •  0  -  20/),  Dow.  u  —  oO/), 
beaclite  Angaben  an  jeder  nur  ve  . 
y/ e  1  i  en  längenint  ervaii  :  800  -  320  im 

Datum:  4.4.72  b sw.  8.8.72 
Substans :  Objektträger  Dr.. 


run 

1 0°/j , 


S~¿ 


....  .  ! 

’  Z  i  ,  ;;  - 

-  iz  ; 
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:  u 


••ir 


i 


i  J— 

!..  ■ 

ÖZ  j  ' 

/i 

rñM: 

/  x: 
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.  Iv. 

:  ,  .-I."  )  ;  ! 

Methodik 

Gerät:  Zeiss  DKR21.  ^ 

Registriergesohv/indxgnex  - : 

15  H>  n/ïrcmnelundrehung 
ReBi  =  trior<Hr,?e-sit.n:  ,2  na  «  1  -  . 

Transr.isrion:  0  -  .101»,  or.w.O  -  10,., 
bsw.  0  -  20;j»  bsw.  w  -  30/), 
beachte  Angaben  an  j«lcr  tune. 
V/  e  1 1  e  n  1  r.n  g  e  n  i  i  L  t  e  r  v  a  1 1  :  CuO  -  „>20  nu 

Datum:  4  •  4  •  ( 2  bsw.  o. 8.7c- 
Substans :  Objektträger  ;,r.. 

”  '  4“  sr 


Methodik: 

Gerät  :  Zeiss  Bî-iî  21 

'  Registriergeschwindigkeit: 

15  Min/  Troimmelundrehung 
:  Rsgistrierdiopersion:  2  nm  =  1  rua  , 
Transmission:  0  —  loG/S*  bzw.D  —  IO1/, 
b  zw»  0  -  20/jf  bzv.T .  0  — 
beachte  Angaben  an  jeder  kurve! 
-  Wellenlängenintervali:  200  -  320  nm 

;  Datum:  4.4.72  b zw .  8.8.72 
'  Substanz:  Objektträger  kr.: 


Gerät:  Zeiss  DMß  21 

Regictriergeschwindig^ei  - 
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CONSERVATION  OF  MINIATURES 


I'ntro  duct  ion 


The  Laboratory  for  Conservation  of  the  National  Library 
of  Serbia  has  been  during  the  recent  years  often  recieving  demaged 
illuminated  manuscripts.  The  damages  were  most  often  on  the  support 
which  were  under  the  green  colours.  They  were  thinned,  perforated 
or  completely  disappeared,  in  the  worst  cases.  There  was  no  prob¬ 
lem  in  the  conservation  of  the  sheets,  however  the  conservation  of 
the  miniatures  was  always  postponed  for  the  simple  reason  thdt 
there  was  not  confidence  enough  in  any  of  the  already  used  agents 
that  it  would  fulfill  all  the  required  conditions  -  not  to  alter 
the  appearance  of  the  miniature,  to  bind  well,  not  to  harm  pig¬ 
ments  and  media  used  in  painting  and  to  be  elastic  and  durable. 

For  that  reason  some  preliminary  tests  were  performed 
to  establish,  first,  why  the  damages  were  always  under  the  green 
colours  (malachite  and  verdigris),  and  second,  to  find  out  the 
agent  which  could  be  used  best  for  fixing  the  weakly  bound  paint 

layers. 

Literature  data 

9 

Before  we  started  with  practical  work  which  could  not 
be  completely  performed  in  the  old  and  unappropriate  building 
of  the  library,  a  large  number  of  treatises  were  studied  on  pre¬ 
paring  paints  for  painting  miniatures,  i.e.  tempering  of  pigmems 
with  different  media.  The  tracts  were  of  European  origin  (Western 
countries,  Bisanthine,  Russia  and  Serbia)  as  v/ell  ao  fr^m  tne 


Near  East. 
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It  was  established  that  the  most  often  used  nature.! 
mineral  pigments  were  cinnabar,  ultramarine ,  azurite,  malachite , 
orpiment ,  ochres  and  the  artficially  made  mineral  pigmemts  Ver¬ 
million,  minium,  verdigris  and  white  lead.  The  most  often  used 
natural  organic  pigments  were  kermes,  cochineal,  pigments  from 
Brazil  wood,  campeachy  wood,  sandalwood,  iris-'  green,  sap  green, 
indigo,  folium,  saffron,  gall  of  oxen  or  big  fishes  and  pig¬ 
ments  made  of  some  other  plants  growing  in  the  countries  where 
they  were  used.  The  most  often  used  metals  were  gold  and  silver. 

Tin  lead  and  mercury  were  used  as  substitutes  when  there  was  not 
any  gold  or  silver. 

The  used  media  were  always  the  same:  gums,  glair,  gelatine, 
rarely  rezins,  yolk  and  casein  only  exceptionally.  The  media  were  at 
first  used  pure,  later  they  were  increasingly  used  mixed. 

The  exception  was  verdigris  which  was  very  often  mixed  with  vi¬ 
negar  regardless  of  the  region  it  was  used  in. 

Additives  tc  the  media  that  served  to  maintain  the  ela- 
ticity  -  of  the  paint  layer  were  also  the  same:  honey,  sugar # 
candy,  euphorbia  juice,  figs  and  pomegranate  juice.  Realgar,  camph¬ 
or,  sal  ammoniac  and  alum  served  to  prevent  putrif ication. 

No  essential  differences  in  the  pigments  production  were 
established  except  for  verdigris  which  was  produced  only  of  vi¬ 
negar  in  the  West,  while  in  the  Near  East,  in  Russia  and  Serbia  it  was 
produced  also  with  sour  milk,  which  gave  a  product  of  different  che¬ 
mical  composition  and  different  colour,  very  similar  to  malachiue. 

The  technioxues  of  painting  were  always  the  same  or 
almost  the  same. 


«-Selected  recipes  and  examples  through  centuries  from  Eastern  ar. 
Western  countries  were  classified  and  most  of  them  experimentally, 
controled.  They  will  he  published  with  comments  at  the  beginning 
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Experimental  work 

In  order  to  establish  what  kind  of  verdigris  is  the  most 
harmful  and  under  what  conditions  the  parchment  is  mostly  being 
damaged,  10  percent  solutions  of  verdigris  were  prepared  in 
water  and  vinegar  (obtained  from  wine  that  was  left  for  one  month 
in  an  open  bottle,  pH  1,6).  Also,  a  dispersion  of  malachite  was 
prepared  by  putting  10  g  of  powdered  malachite  into  100  g  of 
water. 

Into  these  solutions  i.e.  into  the  malachite  disper- 
equal  pieces  of  parchment  were  immersed  for  6  hours  and 
dried  on  45°C. 

The  following  results  were  obtained: 

Table  1. 


,  cion 
then 


¡No.  Solution 


¡pH  of  the 

I  solution 

» 

! 


Condition  after  96  (16x6) 

hours  cf  immersion  and  16 
successive  dryings 


1.  Verdigris  prepared  of 
vinegar  and  copper  so¬ 
lution  in  vinegar 


Completely  thinned,  but 
whole 


Verdigris  prepared  of 
vinegar  and  copper,  so¬ 
lution  in  water 


With  no  evident  changes 


Verdigris  prepared  of  sa 
It,  honey,  vinegar  and  co¡p- 
per,'  solution  in  water 


3,5 


Very  thinned  and  perforated  ¡ 
in  several  places,  similar 
to  the  damages  on  manuscripts! 


4. 

— - - 71 

Verdigris  prepared  of 
sour  milk  and  copper, 
solution  in  water 

6,2 

No  evident  changes 

5. 

Natural  malachite  in 
water 

7 

With  no  evident  changes 

These  results  confirmed  the  theoretj_cai  hypothesis  that 
the  used  vinegar  or  wine  instead  of  binding  media  were  the  mam 
cause  of  parchment  damages. 

Wine  and  vinegar  are  also  the  answer  why  the  green  paints 
disappeared  from  the  manuscripts  while  all  the  other  paints  were 
intact.  They  could  not  remain  when  the  used  verdigris  was  mixed 
only  with  vinegar  or  wine. 

The  most  drastic  cases  were  those  with  the  parchment 
supports  completely  perforated  in  the  places  where  green  paints 
previously  were,  and  which  lately  became  partly  brown.  This  can 
be  explained  by  the  use  of  Spanish  green*  (in  spite  of  the  tracts 
recommendations  that  it  should  not  be  used).  The  reaction  between 
sugar  from  honey  and  copper  salts  gives  brownish  cuprous  oxide, 
and  besides  that  the  Spanish  green  is  most  harmful. 


Verdigris  prepared  of  salt,  honey, 


vinegar  and  copper. 


x 
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The  pH  value  of  the  water  with  the  dispersed  malachite 
as  well  as  the  fact  that  the  parchment  was  net  evdently  damages 
after  immersion  in  this  water,  lead  to  the  conclusion  that  the  par¬ 
chment  was  net  damaged  by  mala.chite,  but  that  the  places  where 
we  can  today  prove  the  presence  of  copper  carbonate  were  painted 
with  verdigris  which  gradually  changed  into  carbonate,  either 
because  of  the  contact  with  chalk  which  c.ould  be  found  in  the 
parchment ,  or  by  contact  with  carbon  dioxide  from  the  air,  for  it 

was  not  protected  with  binding  media. 

These  experiments  will  be  continued  in  order  to  establish 
the  influence  of  different  substances  (gum,  parcley,  saffron,  iris 
green  etc.  added  to  verdigris  in  painting  on  the  destruction  of 

support  and  damaging  of  the  paint  layer. 

The  second  part  of  the  experiments  was  started  in  order  to 
establish  the  binding  power  of  the  substances  most  often  used  for 
fixing  miniatures  on  paper  and parchment ,  as  well  as  several  solutions 
that  were  also  used,  according  to  the  medieval  treatises  temper 
pigments  for  illuminations. 

Those  were  glair;  glair  mixed  with  water  in  different 
proportions  with  or  without  the  addition  of  honey;  glair  in  different 
mixtures  with  gum  arabic,  with  honey  or  without  it;  different  con¬ 
centrations  of  gum  arabic  with  the  addition  of  extracts  of  saffron 
and  parcley  or  without  them;  gelatine,  vinegar,  wine,  different  con¬ 
centrations  of  methyl  cellulose  and  soluble  nylon. 

Samples  of  tempera  prepared  from  various  kinds  of  verdigris 
and  of  the  cited  solutions  were  applied  with  a  brush  on  parchment 
without  mordant  and  on  paper.  Some  of  the  samples  were  then  aged 
for  20  hours  under  an  UV  lamp  while  the  others  were  not  aged. 

After  that  all  samples  were  in  the  course  of  four 
years,  from  time  to  time,  moved  from  place  to  place  and  turned 
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like  sheets  of  a  book. 

The  appearance  they  had  after  that  is  described  in  the 

table  2. 

From  the  obtained  results  it  can  be  concluded: 

1.  All  used  media  gave  much  better  results  in  all  cases  . 
on  paper  than  on  parchment  without  mordant  This  practically  means 
that  when  the  fixatives  are  being  selected  it  should  be  considered 
whether  they  would  be  used  on  parchment  or  paper. 

2.  The  5  percent  gelatine  gave  the  best  results  among 

the  natural  media. 

3.  The  best  results  of  the  artificial  media  were  ob¬ 
tained  with  2 io  soluble  nylon. 

4.  The  composition  of  verdigris  played  a  definite  role 
in  binding j as  verdigris  prepared  of  sour  milk  tempered  with  wine 
was  well  bound,  surely  because  of  the  casein  it  contained. 

5.  Honey  had  a  definite  role,  too,  because  of  its  hyg- 
roscopy,  i.e.  its  property  not  to  permit  drying  of  the  paint  layer. 

6.  The  quantity  of  honey  in  the  tempera  had  to  be  very 

minute  or  the  change  in  colour  occured. 

These  investigations  will  be  contnued  with  the  same  and 

new  media  under  different  conditions  of  aging. 


Made  #f  vinegar  and  copper,  if  not  other  data  given. 

Given  quantities  of  honey  were  always  added  to  10  ccm  of  the  solution 
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CONSERVATION  OF  MINIATURES 
SUMMARY 


:  So  cl- 


The  work  on  the  conservation  of  miniatures  was  car- 

2^j_0(i  on  in  IlmsG  directi^rio , 

1„  The  theoretical  studies  of  miniature  painting 

technique  of  the  Middle  Ages  through  the  old  recipes  from  Western 
Europe,  Russia,  Serbia  and  the  Near  East  countries. 

This  work  has  been  co^leted  with  conclusion  that  there 

were  no  essential  differences  in  the  technique  of  painting  bet¬ 
ween  these  countries,  considering  the  recipes  that  have  been  stu- 

died, 

2.  The  theoretical  presumption  that  vinegar  is  the  cause 
of  frequent  damages  under  the  green  colours  has  been  verified  o; 
experiments.  These  experiments  will  be  continued  m  ^rder  t.  e. 
blish  the  influence  of  some  materials  mixed  with  verdigris  (such 
as  parcley,  iris  green  etc.)  upon  the  velocity  of  the  reaction. 

3.  The  binding  power  of  substances  used  for  fixing 
miniatures  as  well  as  several  solutions  used  for  tempering  pigments 
in  illumination  was  tested  in  order  to  establish  their  conve¬ 
nience  for  the  use  on  parchment  and  paper. 

The  results  were  always  better  on  paper  them  on  pc.r 

chment  (without  mordant).  The  best  results  were  obtained  with 
5  percent  gelatine  among  the  natural  media  and  among  the  artificial 
-  ones  2  percent  soluble  nylon;  the  composition  of  verdigris  aiso 
played  a  certain  role,  as  the  verdigris  .prepared  of  sour  milk  was 
bound,  well  with  pure  wine;  honey  improved  binding  but  changed  colour 

"thór©  was  "too  mach  of  i"t  « 

The  experiments  will  be  continued  with  the  media  used 

in  the  Middle  Ages  but  under  changed  conditions  of  drying. 
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CONSERVATION  METHODS  FOR  MEDIEVAL 


MINIATURES  ON  PARCHMENT 


The  illuminated  manuscripts  on  parchment  form  a  significant  group 
among  the  artistic  monuments  of  the  Middle  Ages»  In  the  same 
manner  as  the  other  medieval  objects  of  art  they  need  constant 
attention  from  the  restorer.  But  the  treatment  of  a  miniature 
painting  is  still  an  unsolved  problem,  although  there  are  some 
effective  methods  for  the  conservation  and  "straightening"  of 
the  parchment  and  leather  book-binding.  By  "conservation"  of 
miniatures  we  mean  only  the  treatment  of  the  paint  layer.  It  - 
is  out  of  the  question  to  make  any  retouchings* 


Some  technical  data  on  the  miniature-painting 


The  treatment  of  a  miniature  painting  in  the  manuscripts  in  our 
Laboratory  was  preceded  by  detailed  study  of  its  technique,  not 
only  the  theoretical  aspect  (by  studying  the  medieval  treatises), 
but  also  by  examining  numerous  illuminated  manuscripts  in  the 
collections  of  Moscow,  Leningrad,  Yerevan,  Tbilisi  and  some  other 
cities  in  the  USSR,  All  sorts  of  destruction  found  in  manuscript 
painting  were  revealed  in  Lhe  course  of  this  examination. 

All  manuscripts  written  on  parchment,  according  to  their  technique 
and  the  state  of  preservation  can  be  divided  into  two  groups:  the 
first  group  consists  of  illuminated  manuscripts  produced  in  West¬ 
ern  Europe  (as  well  as  a  part  of  Western  Slav  and  some  :01d  RVSSJ-c:-y 
manuscripts  with  miniatures)  and'  is  notable  by  the,,  relative xy  guce 
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State  of  préservât ion .  The  other  group  includes  Byzantine  and 
similar  to  them  technologically  Old  Russian,  Georgian,  Balkan, 
partly  Armenian  illuminated  manuscripts,  miniatures  of  which  are 
badly  preserved. 

Our  information,  concerning  the  technique  of  the  Byzantine  min¬ 
iature  painting,  is  near  to  nothing  in  comparison  with  West- 
European  book  illumination,  the  materials  and  techniques  of  which 
are  described  in  many  medieval  treatises.  Practically  the  only 
Greed  treatise  on  the  painting  technique,  that  we  know,  is 
"Herminia’1  by  Dionisius  of  Furria,  written  in  XVIII  century.  But 
it  does  not  contain  any  direct  information  concerning  the  techn¬ 
ique  of  miniature  painting.  That  is  why  for  reconstructing  the 
methods  of  Byzantine  miniaturists  one  is  obliged  to  deal  with 
diverse  historic  documents  and  technological  treatises,  compiled 
in  countries,  where  the  technique  of  the  book-painting  was  alike 
to  that  of  the  Byzantium.  1  ) 

The  notion  about  technological  methods  of  the  Greek  manuscript- 
artists  can  be  also  obtained  during  the  examination  of  numerous 
f Takings  of  the  paint-layer,  that  reveal  the  original  drawing 
and  underpainting.  All  the  same,  it  is  obvious,  that  the  West- 
European  and  Byzantine  painters  (as  well,  as  Old  Russian,  George  - 
Armenian ,  etc.)  used  the  same  mineral  pigments  -  cinnobar,  white 
and  red  lead,  malachite,  copper  green,  lapis-lazuli,  azurite, 
auripigment,  ochres,  etc.  Rcd-rcse  lakes  were  widely  applied  as 
well,  as  other  pigments  of  organic  origin.  For  media  the  white 
of  egg  and  some  sorts  of  gummi  were  used,  and  in  some  exceptional 
cases  -  the  yolk  of  egg,  parchment  glue  and  even  isinglass. 


l)  Some  information  on  pigments,  used  by  Byzantine  miniaturists 
is  contained  in  books  and  .articles  by  A.P.  Laurie  (for  example, 
see  his  "Ancient  pigments  .and  their  identif ication  in  works  of 
art",  -  "Archaeologia" ,  vol.  LXIV,  1913,  and  subsequent 

works .  ) 
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Technological  methods  cf  Byzantine  and  occidental  manuscript- 
artists  were  characterized  by  opposite  tendencies:  Greek  min¬ 
iaturists  were  distinguished  by  purely  "pictorial"  methods  of 
work,  analogical  to  that  of  the  icon  or,  fresco-painting,  when 
the  colours  were  superimposed  many  times.  O  The  West-Europea n 
illuminators  (up  to  the  middle  of  the  XIVth  century)  utilized  a 
"colouring"  method,  where  modelling  and  chiaroscuro  were  express¬ 
ed  by  graphic  manner. 

The  contours  of  the  composition  (figures,  ornament,  numerous 
folds  on  garments,  etc.)  were  in  general  outlined  in  ink  and 
that  increased  the  flatness  of  objects  presented. 

A  great  role  in  Western  book  illumination  as  well  as  in  Byzantine 
miniatures  was  assigned  to  the  gold  (the  leaves  of  gold).  Occid¬ 
ental  masters  layed  their  gold  on  specially  made  preparation  - 
very  thick  layer,  consisting  as  a  rule  of  chalk,  mixed  with  strong 
glue  (probably  isinglass  or  parchment  glue),  red  clay  (arménien 
bolus,  for  instance)  or  simply  with  any  pigment.  Byzantine  min¬ 
iaturists  applied  golden  leaves  immediately  on  the  parchment, 
coated  by  strong  glue  (isinglass  or  parchment  glue),  sometimes 
mixed  with  a  red  pigment  (cinnobar). 

Very  thick  and  compact  ground  cf  western  illuminators  gave  thou 
good  opportunity  to  polish  the  gold,  layed  on  it.  Its  brilliant 
surface  after  polishing  had  the  appearance  of  metallic  golden 
objects. 


1  )  Comparatively  detailed  description  of  Byzantine  miniature 
technique  is  given  by  C.  Diehl  (Manuel  d'art  byzantin,  t.  2, 
Paris,  1926,  pp.  600  -  601.) 

2)  An  exception  to  the  rule  was  the  gold  of  Italian  miniaturists 
of  the  XIV-XV  centuries.  Resulting  from  some  technological 
error,  it  is  preserved  in  much  poorer  state  than  the  paint- 
layer  -  the  golden  surface  is  covered  by  numerous  small  cracks 
and  particles  of  it  flake  away  together  with  thick  and  brittle 
ground . ) 
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The  gold  of  Byzantine  miniaturists  which  covers  as  a  rule  a 
greater  part  of  a  composition,  than  in  occidental  illuminations , 
on  the  contrary,  was  layed  on  a  very  thin  ground.  Often  it 
reproduces  the  texture  of  a  parchment,  which  sometimes  is 
wrinkled  and  that  gives  the  impression  of  a  "crumpled"  surface.  1 ) 
The  thin  ground  could  not  give  much  possibility  for  the  miniat¬ 
urists  to  polish  golden  surface  well  enough,  so  it  has  a  rather 
lustreless  appearance. 

If  the  West-European  illuminations  are  characterized  by  a  clear- 
cut  division  of  sections,  covered  by  gold  and  by  colours,  the 
Byzantine  miniatures  are  often  painted  directly  on  the  golden 
background.  Therefore,  one  can  make  a  conclusion:  Western  illum¬ 
inations  are  characterized  by  rather  thin  paint-layers,  while  the 
gold  is  placed  on  a  very  thick  ground.  On  the  contrary,  in 
Byzantine  miniatures  the  gold  was  layed  on  a  thin  ground,  whilst 
the  pigments,  superimposed  many  times,  formed  a  layer,  thickness 
of  which  had  much  excelled  that  of  the  Western  painters. 

The  notorious  bad  preservation  of  the  Greek  and  analogical  to  i  <- 
book -painting  can  be  explained  not  only  by  the  considerable 
thickness  of  the  paint-layer,  but  by  a  weak  cohesion  cf  it  with 
the  parchment.  The  West— European  and  Greek  manuscript— painters 
had  got  for  their  work  the  material  -  parchment  -  same  by  nature 
and  name,  but  opposed  by  its  qualities:  occidental  parchment- 
makers  in  their  final  operations  pumiced  the  parchment  and  rubbed 
chalk  into  it.  That  made  the  surface  look  velvety  and  lustreless, 
and  led  to  the  better  absorption  of  pigments  and  ink.  On  the 
contrary,  the  Greek  masters  thoroughly  polished  their  parchment 


1 )  The  continuous  golden  background  of  Byzantine  miniatures  in 
reality  consists  of  numerous,  sometimes  rather  small  leaves 
of  geld.  It  is  easily  seen,  while  placing  the  parchment  with 
the  miniature  against  the  light. 
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and  made  its  surface  look  brilliant  by  treating  it  with  the  white 
of  egg  and  flax-seed,  ^ )  That  is  why  the  thick  paint-layer  of 
Greek  miniaturists  does  not  have  enough  force  of  adhesion  with 
the  parchment  and  is  easily  tended  to  flake  away  (Fig.  l). 1  2) 


The  forms  of  destruction  in  the  medieval  book-painting 

Thus  we  can  see,  that  the  principal  cause  of  flaking  of  the  pair: t 
layer  from  the  Byzantine  miniatures  is  the  properties  of  the 
parchment.  That  conclusion  can  be  confirmed  by  the  next  visual 
example:  in  one  of  the  manuscripts  from  the  Leningrad  Public 
Library  (Gospels  of  Demetrius  Paleologus,  gr.  118)  all  miniatures 
painted  in  different  periods  (XIV,  XVI  and  XVII-XVTII  centuries) 
and  in  different  manners  but  on  the  same  parchment,  are  equally 
flaking  away.  It  is  quite  possible  that  the  paint-layer  of 
Byzantine  miniatures  began  to  flake  away  soon  after  their  exec¬ 
ution  (maybe  one  or  two  hundred  years  later).  This  is  confirmed 


1 )  There  exists  very  scarce  information  concerning  the  production 
of  parchment  in  Byzantium  (see,  for  example,  R.  Devréesse, 
Introduction  à  l'étude  des  manuscrits  grecs,  Paris,  1954,  ppc 
13  -  14.  But  relatively  thorough  information  on  the  subject 
can  be  extracted  from  medieval  Armenian  receipts.  In  one  of 
the  next  issues  of  "The  Proceedings  of  WZNILKR"  ( "Soobstcheni j 
WZNILKR")  some  of  them  will  be  published.  Some  detached 
receipts  concerning  the  parchment  production  in  Medieval 
Europe  can  be  found  in  articles  by  D.V.  Thompson.  The 
complete  manual  on  the  subject  was  published  in  XVIII  century 
by  J.J.  Lalande  ("L'art  de  faire  le  parchemin",  s.l.s.d.). 

2)  That  was  noted  by  A. P.  Laurie  (op.  cit.,  p.  331)  and  O.M. 
Dalton  (East  Christian  Art.  Oxford,  1925,  p.  298). 
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by  their  earliest  "conservation"  treatments,  in  some  cases 
expressed  by  retouchings,  in  others  -  even  by  attempts  to 
strengthen  the  paint-layer»  1  ) 


For  Byzantine  miniature  painting  are  typical  the  same  kinds  of 
destruction  as  for  distemper  painting:  exfoliation  and  pulver¬ 
ization  of  the  paint-layer,  its  "peeling".  Apart  from  it,  as 
v/as  said  above,  it  is  typical  for  Byzantine  miniatures  to  be 
painted  on  the  golden  background.  The  polished  golden  surface 
cannot  retain  the  thick  paint-layer  and  it  flakes  away  as 
easily,  as  from  the  parchment.  The  leaves  of  gold  are  fixed  on 
the  parchment  much  better  than  the  colours,  but  it  often  happens 
that  the  gold  "peels"  and  flakes  away  in  the  same  manner  as  the 
paint-layer.  One  more  phenomenon  may  be  noted:  in  Greek  manu¬ 
scripts  parchment  was  ruled  not  by  pencil  or  a  pen,  but  was 
"pressed",  through  by  a  spike.  And  the  paints  often  flake  from 
such  "reliefs". 

The  destruction  of  occidental  medieval  book  illuminations  depends 
more  or  less  on  casual  circumstances.  For  example,  in  French  and 
Mosan  manuscripts  of  the  XIII-XIV  centuries,  executed  marvellously 
from  the  technological  point  of  view,  notwithstanding  the  general 
fine  state  of  preservation,  one  may  see  flaked  and  pulverized 
ceruse.  Among  the  French  and  Flemish  manuscripts  of  the  XV-XVT 
centuries  there  are  some  of  mediocre  execution,  where  the  relat¬ 
ively  thick  paint-layer  flakes  away,  because  of  some  technological 
error.  The  flaking  of  gold  in  Italian  manuscripts  was  mentioned 
already. 


1 )  In  the  Demetrius  Paleologus  Gospels  (Leningrad  State  Public 
Library,  gr.  118)  the  retouchings  are  seen  in  XIV  century 
miniatures.  Maybe  they  were  made  at  the  same  time  as  the 
miniature  cycle  of  the  XVII-XVTII  centuries  in  this  manuscript. 

In  another  manuscript  (Leningrad  State  Public  Library,  gr.  305, 
Tables  of  Canons)  the  transparent  strips  may  be  seen  on  the 
parchment  and  on  the  paint-layer  itself.  That  is  the  result 
of  obvious  attempts  to  attach  the  "peeling"  paints  to  the 
parchment . 
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Amongst  the  frequent  damages  in  occidental  manuscripts  should  be 
noted  the  "imprints"  of  illuminated  fragments  on  the  page  opposing 
the  other  with  the  original.  Probably,  it  is  an  influence  of 
mois ture . 


That  phenomenon  is  practically  irreversible,  because  it  is  imposs¬ 
ible  to  remove  that  "imprint"  without  damaging  it  from  the  panel 
ment,  as  the  force  of  the  cohesion  of  the  "reversed"  paint-iayee 
with  new  ground  is  too  great;  and  it  appears  impossible  to  restore 
such  fragments  to  their  proper  place. 

While  the  destruction  of  paint-layers  in  occidental  manuscripts 
is  more  or  less  casual,  the  good  preservation  of  Greek  miniature 
paintings  seems  to  be  rather  uncommon  business.  The  f takings  of 
the  paint-layer  are  sometimes  so  numerous,  that  only  insignific¬ 
ant  traces  are  left  from  the  miniatures. 

It  is  necessary  to  mention  a  deformation  of  the  parchment,  prov¬ 
oked  by  different  causes.  That  also  gives  way  to  the  destruction 
of  the  paint-layer. 

Therefore  it  is  obvious  that  the  conservation  problem  of  medieval 
manuscript  painting  is  a  problem  of  treatment  of  flaked  and 
pulverized  paint-layers,  as  well  as  flaked  fragments  of  gold. 

In  the  first  place,  it  is  urgent  for  Byzantine  manuscripts  and 
a  group  that  is  similar  to  them. 


The  treatment  of  miniature  painting  in  WZNILKR 

In  cur  laboratory  the  conservation  practice  was  preceeded  by 
labour-consuming  experiments,  accompanied  by  manuf acturing  many 
sorts  of  samples  for  selection  of  the  best  materials  for  the 
treatment  and  elaboration  of  technological  methods.  At  first, 
we  applied  for  the  samples  an  old  mackle  parchment.  Then  in 
one  of  Moscow Ts  scientific  institutes  a  new  parchment  was  man¬ 
ufactured.  It  was  a  material  of  different  qualities:  some  of 
the  sheets  had  velvety  surfaces;  others  were  glossy.  They 
differed  also  in  colour  and  thickness.  In  general  that  parchment 
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recalled  by  its  texture  and  properties  the  Byzantine  material  (it 
was  treated  with  the  extract  of  flax-seed  -  the  method  probably 
used  by  Greek  parchment-makers). 

The  colours  used  in  these  samples  were  prepared  after  the  medieval 
receipts o  Only  mineral  pigments  were  applied:  ochres,  azurite, 
lapis-lazuli,  cinnobar,  white  and  red  lead,  auripigment ,  malachite, 
chrysocolla.  For  media  the  white  of  egg  and  gummi  (from  cherry 
trees  and  gummi-arabic )  were  used. 

Diminishing  the  quantity  of  medium  in  colours,  we  obtained  in  our 
samples  the  destruction  similar  to  those  that  can  be  seen  in 
medieval  manuscripts.  Thus  the  preparation  of  these  samples  was 
a  necessary  stage  in  our  work,  especially  for  the  selection  of 
the  materials.  The  technological  requirements  to  this  material 
were  approved  by  the  Conservation  Council  of  the  laboratory.  On 
the  basis  of  these  requirements  a  few  groups  of  polymer  materials 
were  selected  and  tested  from  physico-mechanical  and  chemical 
points  of  view.  The  materials  which  showed  the  best  indices  end 
technological  properties  were  recommended  and  instilled  into  the 
conservation  practice.  After  testing  a  considerable  number  c£ 
compounds,  it  was  decided  to  dwell  on  two  of  them:  the  soluble 
fluorine  plastics  (f tor Ion  26L  and  f tor Ion  6H)  and  aqueous  disp¬ 
ersion  of  copolymer  of  vinylacetate  with  2-ethylgexilacrylate 
(VA  2  EGA).  All  kinds  of  destruction  in  the  manuscript  painting 
can  be  divided  in  two  groups:  pulverization  of  the  paints, 
deprived  of  the  medium,  and  flaking  of  the  paint  layer.  In  the 
first  case  a  consolidation  of  it  is  needed,  in  the  second  -  the 
glueing  of  it  to  the  parchment. 


Depending  on  the  character  of  the  destruction  one  of  the  said 
materials  is  used.  The  films  on  the  base  of  fluorine  plastics 
are  recommended  only  for  the  consolidation  of  the  pulverizes 
paint-layer.  VA  2  EGA  -  compound  distinguished  by  high  elastic¬ 
ity  and  adhesion,  proved  to  be  especially  effective  for  adhering 
numerous  fragments  of  flaking  paint  to  the  smooth  and  deformed 
parchment. 
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VA  2  EGA  is  easily  prepared,  it  dissolves  in  water  in  ¿my  propor¬ 
tion.  It  is  necessary  to  work  with  the  freshly  prepared  compound 
(not  more  than  three  days  old).  While  working  it  is  important  to 
keep  the  compound  clean.  To  obtain  the  surface,  that  would  tend 
easily  to  moistening,  it  is  necessary  to  treat  the  paint-layer 
with  spirit  and  water  solution  (l  :  l).  VA  2  EGA  is  applied  n 
the  surface  by  a  thin  kolinsky- brush.  The  concentration  of  the 
solution  depends  on  the  thickness  and  compactness  of  the  destr- 
ucted  paint-layer  (up  to  5%). 

The  conservation  practice  was  started  on  the  most  convenient 
material  -  the  illuminated  ch¿irters  and  fragments  from  manuscripts 

We  began  the  treatment  cf  Byzantine  miniatures  in  1967-  The 
damaged  memuscripts  came  from  the  Manuscript  Department  of  the 
Leningrad  State  Public  Library.  At  first,  the  remains  of  miniat¬ 
ures  in  some  detached  parchment  fragments  (gr.  379,  gr.  305)  were 
treated. 

Then  there  was  serious  conservation  treatment  of  the  so-called 
Trebizond  Gospels  (gr.  21,  IX~X  century).  This  manuscript 
consists  of  separate  parchment  leaves  with  text  and  miniatures, 
which  were  bound  together  in  the  middle  of  the  last  century. 
According  to  the  technique  and  state  of  preservation,  all  14 
miniatures  of  these  manuscripts  can  be  divided  into  two  groups. 

The  first  group  is  characterized  by  relatively  thin  and  compact 
paint-layers,  which  contain  rather  small  amounts  of  white  lead. 

The  miniatures  of  this  group  ¿ire  generally  well  preserved.  Some 
damages  may  be  seen  on  the  ornamental  border,  and  there  are  some 
insignificant  "peelings",  seen  on  the  surface  of  the  paint-layer. 
The  second  group  is  characterized  by  a  soft  and  dim  colour  scale. 
The  rosy,  purplish  and  greenish  hues  were  obtained  by  mixing  the 
pigments  with  considerable  amounts  of  white  lead.  For  this  roast: 
there  are  some  quite  serious  destructions  of  the  paint-layer. 

For  that  group  of  miniatures  are  typical  pulverization,  swelling 
and  flaking  of  the  paint-layer.  That  is  the  cause  for  a  lot  of 
lacunes  on  the  miniature’s  surface.  Some  of  the  miniatures  have 
washed  out  and  have  a  somewhat  lustre  appearance,  provoked  by 
many  centuries  of  utilization  of  the  manuscript. 
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Taking  all  that  into  consideration,  the  approach  to  the  treatment 
of  each  miniature  was  individual.  The  parts  with  relatively 
■ompact  paint-layers,  which  only  tended  to  flake  away  from  the 
parchment ,  were  treated  with  a  3%  solution  of  VA  2  EGA  (generally 
the  miniatures  of  the  "first  group").  There  were  no  surprises, 
the  reinforcement  turned  cut  to  be  firm  enough  and  no  change  m 
colour  was  observed. 

The  miniatures  of  the  second  group  presented  more  difficulties. 
There  the  treatment  was  more  complicated.  The  sections  with  thin 
and  friable  paint-layers,  which  had  not  yet  flaked  away  were 
treated  by  f tor Ion  26  L  (1%  solution,  two  or  three  impregnations i - 
The  compound  was  easily  absorbed  by  the  destructed  pamt-layers . 
Growing  soft  it  "occupied"  the  original  place  and  adhered  to  t_m 

parchment • 

More  complicated  problems  appeared  during  the  treatment  of  mm- 
iatures  of  the  XII th  century  Greek  Gospels  with  Apostle  (gr. 

-|  01  )  0  1  )  The  XII  century  miniatures  of  that  two  volume  manuscnr 
were "repainted  in  the  XIII  century,  after  the  remains  of  the 
original  had  been  covered  with  very  thick  ground  so  that  in  s.me 
tarts  the  parchment  was  even  thinner  than  the  paint-layer  (v"  1 - 
f.  i 0v° ,  St.  Matthew).  This  fact  as  well  as  incorrect  binding  u 
the  XVIII  century  had  provoked  a  considerable  deformation  of  the 
parchment.  All  that  appeared  to  be  the  reason  for  serious 
destruction  of  paint  -  and  gold  -  layers,  placed  on  a  very  thic.. 
around.  It  was  decided  to  treat  these  miniatures  with  aqueous 
dispersion  of  VA  2  EGA,  which  is  distinguished  not  only  by  very 
good  adhesive  properties,  but  practically  does  not  cause  any 

shrinkage. 


1)  See  Y.  Grenberg  and  I.  Mokretsova.  L’étude  et  1  »  attribution 
des  miniatures  de  l’Evangile  byzantin  faisant  partie  de  la 
collection  de  la  Bibliothèque  nationale  publique  Saltykov 
Chtchédrine.  "Conseil  International  des  musées.  Comité  pour 
la  conservation".  Amsterdam,  13-19  septembre,  1969. 
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The  treatment  was  carried  out  as  follows:  at  first  was  liquids  uCet 
ï-he  deformation  of  the  parchment  caused  by  the  binding»  It  was 
aone  by  local  moistening  and  pressing  (the  small  sandbags  were 
used).  The  the  paint-layer  was  treated  by  5%  VA  2  EGA  (one  or 
two  impregnations  with  instilling  under  the  unusually  thick  j.ar>_s 
a  10°/o  compound).  Under  the  stiff  flaking  parts  a  compound  of 
weak  concentration  was  at  first  infused  for  the  softening  of  the 
paint-layer.  After  that  a  more  concentrated  material  was  used 
for  adhering  the  paint-layer  to  the  parchment.  After  drying  the 
surface  a  small  sandbag  was  placed  on  the  treated  section  for 
more  safe  adhesion  of  flaking  paints  to  the  parchment  and  for 
straightening  the  small  deformations  of  the  parchment,  if  thcx - 
were  any.  After  the  treatment  the  miniatures  were  kept  for  a 
month  in  natural  conditions  for  stabilization  of  the  compound. 
Then  the  parchment  was  straightened.  For  that  purpose  we  adopte-.', 
the  method  of  "distant  moistening",  which  is  practicized  at  the 
Conservation  Department  of  the  Leningrad  State  Public  Library. 

The  deformed  parchment  with  thick  paint-layers  was  moistened  by 
a  spirit— aqueous  solution  (in  proportion  1  :  l).  The  most  de¬ 

formed  parts  of  the  parchment  were  straightened  beforehand  by 
local  weight.  The  principal  danger  in  "straightening"  the  parch, 
ment  with  miniatures  lies  in  a  fact,  that  softened  and  pressed 
paint-layers  may  loose  their  texture  and  get  flattened.  That  is 
why  we  do  not  recommend  utilizing  the  polygraphic  press,  which 
is  used  commonly  in  graphic  conservation  departments.  Vie 
straightened  the  deformed  parchment  in  the  following  way:  the 
cheese 1-cloth  folded  in  two  was  moistened  by  a  spirit-aqueous 
solution  (1  :  l),  then  it  was  wrung  out  strongly  and  placed  on 

a  non-absorbing  surface  (glass,  plastic,  plexiglass).  On  this 
surface  six  sheets  of  filter  paper  were  layed  and  on  them  a 
parchment  leaf  with  a  miniature  turned  upwards  (when  the  min¬ 
iature  is  painted  on  one  side  of  the  leaf).  The  treated  min- 
iature  was  covered  by  wax-paper  and  then  by  plexiglass.  By  this 
method  it  is  easy  to  attain  the  even  and  relatively  low  moistenin' 
of  the  entire  sheet  of  parchment.  The  time  for  the  moistening 
cannot  be  the  same  in  different  cases.  Depending  on  the  thiclcnct 
of  the  parchment  and  the  character  of  its  deformation,  it  may^ 
equal  to  1,5  -  2  hours.  During  the  process  a  constant  contre - 
needed.  One  should  be  careful  to  step  the  moistening  at  the 
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moment,  when  the  parchment  itself  would  be  moistened  as  much  as 
possible.  The  paint-layer  should  not  get  damp,  because  it  can 
become  deformed  after  the  pressing. 


After  softening,  the  parchment  must  be  placed  first  between  two 
sheets  of  wax-paper  and  then,  between  several  sheets  of  filter- 
paper.  Before  putting  weight  on  it,  it  is  necessary  to  straight 
en  all  wrinkles  and  other  deformations.  As  a  weight,  the  best 
thing  is  to  utilize  sandbags  .and,  if  there  is  any  need,  to  place 
the  additional  weight  upon  them.  Then,  an  even  pressure  on  the 
whole  surface  occurs  and  the  paing-layer  cannot  be  harmed. 


The  treated  parchment-leaves  are  kept  under  the  weight  for  two- 
four  weeks  with  regular  changing  of  the  filter-paper.  P archmen o 
with  miniatures  on  both  sides  of  the  leaf  must  be  treated  mere 
carefully. 


In  two  weeks  time,  after  placing  the  parchment  under  the  press, 
it  is  necessary  to  inspect  the  condition  of  the  paint— layer  an_L 
to  strengthen  it  again,  if  there  is  any  need. 

The  best  way  to  keep  detached  straightened  parchment  leaves  be¬ 
fore  binding,  is  to  place  them  in  a  specially  made  case  (twe 
wooden  boards  tied  by  leather  straps).  That  should  be  done  to 
avoid  the  possible  deformations  during  the  changes  of  the  temp¬ 
erature  and  humidity. 


Therefore  for  the  treatment  of  the  miniatures  we  may  recommend 
the  fluorine  plastics  for  pulverized  paint-layers  and  VA  2  EGA 
for  adhering  the  flaking  parts  of  the  paint-layer  or  gold.  The 
concentration  of  the  material  must  be  chosen,  depending  on  the 
character  and  degree  of  destruction. 


Till  now  the  results  of  the  treatment  proved  to  be  satisf  acto-i.  _>■ 
paint  layéis  a?e  firmly  attached  to  the  parchment;  the  colours 

have  not  changed  in  nuances  and  all  miniatures  keep  their 

original  lustreless  appearance  (Fig.  2,  3a  and  b). 
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Illustrations 

(all  the  miniatures  are  considerably  enlarged 
in  the  photos) 

Fig.  1  a)  The  example  of  typical  destructions  in  Byzantine 
miniature  painting  (fragment  from  Leningrad  State 
Public  Library,  gr.  379); 

b)  Flaking  of  the  paints  from  the  parchment  and  the 
golden  background  (fragment  from  the  Gospels  and 
Apostle,  XII  -  XIII  centuries,  Leningrad  State 
Public  Library,  gr.  101,  vol.  II,  f.  51). 


Fig«  2  Detail  from  the  XIII  century  miniature  (Leningrad 

State  Public  Library,  gr.  101,  vol.  I,  f.  10  v°)} 

a)  before  treatment, 

b)  after  treatment. 


"ig.  3  St.  John.  The  XII  century  miniature  (Leningrad 

State  Public  Library,  gr.  101,  vol.  II,  f.  44). 

The  left  part  of  a  miniature  is  already  treated  by 
VA  2  EGA.  No  visible  change  in  colour  occurs,  as 
seen  in  the  photo. 


LE  PROBLEME  DE  LA  CONSOLIDATION 
DES,  COUCHES  PICTURALES  DES  ENLUMINURES 
((1  QUELQUES  ESSAIS 


Agnes  EALLE STREM 

I  1  \AJ  i  H  t 

Dans  le  cadre  des  travaux  du  C.R.C.D.G.  sur  la  technologie 
et  la  conservation  des  enluminures,  Mme  Françoise  Flieder,  qui 
dirige  cette  institution,  nous  a  demandé  \d 'entreprendre  quelques 
essais  de  consolidation  des  couches  picturales  des  enluminures 
sur  la  base  de  nos  expériences  de  consolidation  de  polychromies 
des  sculptures. 


Malgré  que  les  problèmes  semblent  différents,  certains 
d'entre  eux  demandent  une  même  approche  à  leur  solution.  Lors  de 
la  consdidation  des  couches  de  polychromie,  on  rencontre  également 
le  problème  des  couleurs  très  sensibles  aux  modifications  d'aspect 
provoquées  par  des  produits  de  consolidation.  On  recherche  donc, 
comme  pour  les  enluminures,  une  solution  qui  permette  de  refixer 
les  couches  picturales  sur  leur  support,  de  garantir  à  ce  collage 
une  élasticité  qui  lui  permette  de  résister  aux  mouvements  plus  ou 
moins  continuels  d'un  support  sensible  aux  variations  hygrométrique: 
-  et,  dans  le  cas  des  enluminures , aux  sollicitations  mécaniques  - 
sans  modifier  l'aspect  de  l'oeuvre  ni  mettre  en  danger  sa  conser¬ 
vation  future. 


Notre  contribution  a  consisté  en  une  enquête  dans  la  litté¬ 
rature  spécialisée  et  des  essais  de  divers  produits  sur  des  échan¬ 
tillons  préparés  en  atelier.  Nous  avons  procédé  comme  suit  : 


A.  Recherche  et  dépouillement  des  travaux  publiés  sur  la  consoli¬ 
dation  des  couches  picturales  des  enluminures  (voir  Annexe  I). 

Le  dépouillement  de  cette  littérature  a  montré  qu'il  semble 

y  avoir  deux  tendances  dans  le  choix  d'un  fixatif  : 

1)  le  fixatif  réversible  —  donc  une  matière  non  apparentée,  dans  son 
comportement  et  sa  solubilité,  aux  matériaux  picturaux  ni  au 
support  2  résines  synthétiques,  matières  cireuses  ; 

2.)  le  fixatif  irreversible  —  mais  d'une  matière  semblable  ou  iden¬ 
tique  dans  son  comportement  à  celui  des  matériaux  originaux  : 
colle  de  parhhemin,  gélatine,  colles  cellulosiques. 

Les  produits  signalés  dans  ces  publications  sont  les  suivants 

-  acétate  de  polyviiyle  (0,5  %  dans  le  toluol  :  acétone,  2:1) 

-  alcool  polyvinylique  (5  %) 

-  cellulose  benzylique  (1  %  dans  le  benzol) 

-  cellulose  méthylique  (2,5  %  dans  l'eau) 

-  cire  d'abeille  (das  l'essence  de  térébenthine) 

-  cire  d'abeille  -  dammar  (5  :  4-) 

-  cire  microcristalline  (point  de  fusion  105-107  °C) 

-  colle  de  parchemin 

-  gélatine 


-  polyamide  à  bade  de  méthyldiamine  (2  -  10  %) 

~  polymethylmethacrylate  (0,7  %  dans  le  toluol  ;  0,8  %  dans  le 
toluol ♦  acetone,  2:1  ;  1  %  dans  le  toluol  ;  5  %) 

B.  Application  des  produits  mentionnés  dans  les  publications  et 
d ‘autres  que  nous  connaissions .  L 

1)  sur  une  couche  de  kaolin  liée  à  la  colle  animale,  très  sensible 

aux  modifications  d ‘aspect  ’  sensible 

les  observations  (à  l'oeil  nu)  ont  porté  sur  la  brillance  et 
les  changements  de  couleur  - —  eL 

2)  sur  parchemin  vierge 

les  observations  (à  l'oeil  nu)  ont  également  porté  sur  la 
brillance  et  les  changements  de  couleur 

3)  sur  une  couche  de  kaolin  en  poudre,  en  gouttes  de  quantité  égale 
-  les  observations  (a  l‘*eil  nu  et  au  toucher)  ont  porté  sur  íes 

^ — ites  de  pehe trat ion  et  le  pouvoir  de  cohésion  des  solution 

4)  gélatine eàl01|éeS  &  la  g0m!‘e  ar3blqUe  à  10  #  et  d'autres  à  la 
"  deScoule^?t;^0nS  <à  1,0eil  nu)  ont  porté  sur  les  changements 

5)  sur  couleurs  peu  liées  (gomme  arabique  5  %) 

~  ont  ^v+¿Vatl°í1S  (à,lloeil  nu  et  au  Pliage  répété  du  parchemin 
ont  porte  sur  les  changements  de  couleur  et  le  pouvoir  fixatif 

Les  adhésifs  suivants  ont  été  choisis  pour  ces  essais  • 

-  acetale  de  polyvinyle  (Rhovinal)  à  5  %  dans  l'alcool 

-  acetate  de  polyvinyle  (fixatif  Talens)  dans  l'alcool 

-  acetate  de  polyvinyle  en  émulsion  (Ponal,  Henkel)  dilué  dans 

l'Agepon,  Agfa  ù 

-  carboxyméthyle cellulose  (CBR  4000)  à  2,5  %  dans  l'eau 

-  cire  d'abeille  blanchie  *  térébenthine 

-  cire  d* abeille  -  dammar  (5:4) 

-  cire  microcristalline  (Cosmoloïd  80  H) 

-  colle  de  parchemin  à  10  % 

-  gélatine  à  1  et  10  %  dans  l'eau 

-  gomme  arabique  à  5  et  10  %  dans  l'éau 

hydroxythylf  cellulose  (Vatrosol,  Hercules)  à  2,5  %  dans  l'eau 

-  methylmethacrylate  (Bedacryl  122  X)  à  1,  5  et  10  %  dans  le  xylol 

-  cellulose  Tylose  MH  200  XP)  à  0,5  %  dans  l'eau  * 

-  Methyle  cellulose  (Tylose,  MH  300  P)  à  0,5,  1  et  2.5  •&  dans  1 

-  nylon  soluble  (Calaton,  ICI)  à  5  et  10  |  dans  l'alcool0  1 

-  resine  acrylique  (Paraloïd  B  72)  à  2,5  et  10  %  dans  le  toluol 

-  resine  acrylique  en  emulsion  (Rowney) 

Après  les  trois  premiers  tests,  les  produits  provoouant  ure 
trop  grande  modification  d'aspect  furent  éliminés. 

En  ce  qui  concerne  les  produits  en  solution  aqueuse,  nous  avoir 

concentre  notre  attention  sur  les  colles  cellulosiques,  encourais 

pdr  les  résultats  tres  favorables  des  tests  de  vieillissement  f-ius 

sur  ces  colles  par  le  C.R.C.D.G.  (Flieder,  F.,  communication 
verbale,  janvier  1972).  ummuni cation 

Pour  le  détail  des  observations ,  voir  Annexe  II. 


Les  derniers  essais  (5)  ont  montré  que  le  Bedacryl  122  X 
méthacrylate)  à  1  %  et  le  Paraloïd  B  72  (résine  acrylique)  à 
2,5  %  modifiaient  le  moins  l’aspect  des  couches  imprégnées.  Mais 
leur  pouvoir  adhésif  était  pratiquement  nul.  Celui  des  trois  colle: 
cellulosiques  à  2,5  %  semblait  au  contraire  excellent,  mais  il  y 
avait  un  certain  assombrissement  des  couleurs.  Comme  il  nous 
semblait  que  le  changement  de  couleur  était  surtout  dû  à  une  trop 
forte  imprégnation  de  la  couche  picturale  à  liant  aqueux  par  la 
solution  d’adhésif  également  aqueux,  nous  avons  tenté  d’imperméa¬ 
biliser  légèrement  cette  couche  avant  d’y  introduire  l’adhésif. 

Un  échantillon  de  couche  picturale  sur  parchemin  fut  d’abora 
imprégné  par  vaporisation  (aérographe,  cf.  Wächter,  1968),  de 
Paraloïd  B  72  à  2,5  %  dans  du  toluol.  Après  sécha^ge  complet, 
l’échantillon  fut  imprégné  par  vaporisation  à  deux  reprises  d’une 
solution  aqueuse  d’hydroxy&hyle  cellulose  à  1  %.  Selon  nos  obser¬ 
vations,  l’adhérence  était  bonne,  le  changement  de  couleur  très 
faible,  mais  la  surface  restait  légèrement  poudreuse.  Pour  un  autr» 
échantillon,  nous  avons  augmenté  la  concentration  d e  la  solution 
cellulosique  jusqu’à  1,7  %  avec  bon  résultat. 

L’échantillon  ainsi  traité  fut;  remis  au  laboratoire  de  l’Ins¬ 
titut  et  soumis  à  un  certain  nombre  de  tests  (voir  rapport  de 
E.  De  Witte,  Annexe  III). 

Conclusions 


Dès  le  début  de  nos  travaux,  nous  n’avons  guère  espéré  trouver 
une  solution  définitive  au  problème  qui  nous  avait  été  posé.  Nous 
étions  trop  consciente^de  notre  manque  de  connaissances  et  d’expé¬ 
rience  dans  le  domaine  des  enluminures,  tant  du  point  de  la  techno¬ 
logie  que  de  la  manipulation  et  des  multiples  problèmes  de  conser¬ 
vation  de  ces  oeuvres.  Nous  avons  publié  notre  attitude  dans 
l’approche  d’un  problème  particulier  en  conservation  de  sculptures 
(Ballestrem,  A.,  Cleaning  of  Polychrome  Sculpture,  dans  Conservât!« 
of  Stone  and  Wooden  Objects,  Preprints  IIIC  New  York  Conference 
19 70,  p.  69è73)  et  nous  respectons  donc  la  même  attitude  dans 
l’approche  de  tout  autre  problème  de  conservation. 

A  la  fin  des  essais  entrepris,  nous  constatons,  que  nous  avons 
beaucoup  appris,  tant  sur  le  comportement  des  matériaux  que  sur  le: 
difficultés  qu'il  peut  susciter.  Il  n’est  pas  nécessaire  d’ énuméré: 
en  détail  nos  constatations  sur  ces  points.  Le  restaurateur  spécia¬ 
lisé  Ij e«=eoja»aaUs  dans  la  conservation  des  documents  graphiques  et, 
enluminés  les  connaît,  et  le  restaurateur  non  encore  spécialisé 
dans  ces  traitements  etft  confronté  avec  des  problèmes  de  consolida¬ 
tion  de  couches  pictural.es  d’enluminures  sera  obligé,  à  notre  avis 
d’entreprendre  un  programme  d’information  et  d’essais  bien  plus 
important  que  le  nôtre  pour  acquérir  les  connaissances  recuises 
pour  traiter  les  oeuvres  en  danger. 


Il  nous  semble  cependant  utile  d'insister  sur  la  nécessité 
d'approfondir  et  d'élargir  nos  essais,  et  notamment  : 

a}  de  vérifier  dans  quelle  mesure  l'application  locale  d'une 
}  résine  synthétique  (±  2,5  %)  ou  d'un  adhésif  cireux  influence 
le  comportement  du  support  (parchemin,  papier,  textile),  P 
exemple  vis-à-vis  des  variations  hygrométriques; 


h)  de  vérifier  la  méthode  combinée 
cellulosique11  -  en  1*  occurrence 
xythyï  cellulose;  en  essayer  d1 


“résine  synthétique  -  colle 
le  Parai  old  B  72  et  ^hydro- 
autres  variantes. 


Enl  vim  ?  r.urc  n  -  consolidation  de  Ip.  coy.che  yictnyplp'. 

J?  X  h  EoC  anil  i  <3 


mi  «%  .-•  -»  • 


:‘.cr.C"irs  do  I*Unfm  i 


C.  O  Gi  \S 


—  ^  •*■  «.*-  ^  Ox  x  o  Ci 0/ i-i  w «  *  u i — G* ix  O t  UC  x\»C  G  .  U yi T* x  -  f . .  t~~.  p 

u  in  c  lit  G  •  Im  tcmoiri  inconnu  de  I. c  p  y  t  yrmih  igug,  o:-;ne  r  1  en  c  e  c’o  r  3  ■/  ;rév-t'* .-,  p 


o/tm  l^Kf^onro  Frsnoaxn  dn  XIUo  siè  cle,  (en  russe  avec  réoufné  français) 
sous  xa  aii ecaoji  do  W.S.  XUxjLjlI'ISx.jl,  Moscou  —  o<oíúx1i¿x'úí¿,  1363,  9vpyll. 

-  sur  parchemin  ;  feuilles  do  28  x  20,  5  cm  ; 

lors  d«un  traitement  en  I93S  ihca-e  avec  une  c,  elution  de  1  7,  de  cellulose  bcncylioun 
dam;  du  benzol  (a csez  bon  comportement  depuis)  ;  employé  loro  da  traitement  publié 

.  #  û-  /VUsiJ  tic 

solutions  uo  2»  10  /t  de  polyamide  de  methyis^  ;  application  selon  néceaeito  — ,-3x. 
a»IrO\i/ Idllv,  o.  ri.  *  -A  r,.en»ar|i'ico3  method  fer  t!~. o  restoration  o£  incirn  miniature  nein— 

Jinr^  in  Studies  in  Conservation,  vol.  XII  n*  3,  1967,  p.  lió  h  119. 
•  sur  papier  ;  consolidation,  de  la  c.p.  *vec  une  solution  ¿"acétate  de  polyvinyl  h  0,  591 
dans  du  toluol  et  cíe  1‘acOíone  (2:1)  ;  couche  protectrice  apres  traitement  avec  une 
solution  de  polymethy.l  méthacrylate  h  0,  7rf  dan?  du  toluol. 
xjrxOl/îvilii ,  v>.  2,  ,  L.Giiriu.Vvf-.ticri  oí  indi;;;;  mini  atuve  uaintivipf;  in  the  P- g.  roda  "~  .t 

Museum  Bulletin,  voï.XXI,  3  969,  v*.  33-4?  ill. 

”  p  api  ci  ,  co*xi>diiaawi  on  c.e  ¿a  c.  g.  avec  une  solution  de  uo.*. /mesáy  I  métnac  r  ylgt  e 

éLjP-ió  _9?  dans  du  toluène  et  de  l’acétone  (2:1)  ;  couches  "préservatrice*1  avec  une 
solution  de  polymath,  methncuymats  h  9.  7?l  dans  du  toluol. 

— -* Ux\ x iA.xd3  X ,  Id.  ,  cm c . r  <  v^ynd^chvift  n:,e  dorr?  7-7  g  "»hm*??  v *’ 

in,  ï\ c’ùcv7iiîu û cufi s. wp.^c j  X,  I  j  1967,  p*.  *13— 60. 

-  sur  parchemin,  minou  2’IVe  0, ,  école  italienne;  finale  avec  celle  do  parchemin. 

í-ua'.oo¿x,  r.x\,. ,  ;  ■>  ■: -■••■■  cxv ■■•:j.-)Ti  <>:.  a  text-jo  rme  a  rmm nt.ne  pm-Aoy;,  Ancient  India, 

XIII,  1930.  p.  143-149. 

**  «-Ui  p> — p^Ox  ,  ix.xcxuii  :  go  m  otnyï — m  eu  )  s  c  r  víate  o.  I  an,'li».''.  aée  h  de-m  "c  V'iüv 

oiuàOsAi  T.  R.  Upcy  rvrAir-r;  et  a  mlr-.i aturo  -rmd  a  v/all-pnintlnp,  in  Ancient  India 

VO/T  î  c-/r-  oc  'ïp 

Si  p.  x.' «/— ^o. 

-  xiu.x  papier,  -vViilu  s. ,  école  de  Iseccam  (Ryder abad)  ;  Restive  :  solution  de  me. h;  I 
pmcthacrylato  h  5  /Í . 

'  9  v~*h  T  *  A  i  '  •*.  **h v  TT  T  yp  AA  *  *”  T  '  *■'  f  /•,  '  —  t  m  «  ,  «  _  ^  «  _ ^  ^  ,  . 

^ #  xj.  ,  sski..'.i ,  s,  (  n  i'.v-xUxj-v,  u, ,  j’-.aiatOAx.j — n,r.ivor3G2  _-aa_x  -viasca"a-elai 


cur  papier,  XVIII o  c.  ;  finare  ecc  couleur c  en  vue  de  invade  dec  icuiUea  dar.. 


dec  solutions  aqueuoca  ;  solution  ir 


,1 


ce  ¿--tero  ce  ge 


atine  *r  cueRcum 


formaline  vaporisée  à  l’aide  d*un  aerograph o  ;  filiation  definitive  avec  ce  -a_cm- 
lulo  ce  nid  ta  y  ligue  (Tyloce  SX  400,  liable  <a  ^o.  ,  Wxcsaaacn/. 

KU UN,  1*1.  Fr-amcn  et  cc.ncervrtior.  de  le  charte  de  9 *  ^  rc lativo^a u  rnnricyu  a  *• 
princesse  Théophanie  (archives  d’état  do  Basse -Ame,  V» olienbtlttel/ 

-  Reunion,  Mixte  du  Comité  d*  l’ICOM  pour  les  Babor  atoir  oc  de  alúceos  ... 
Bruxelles,  jl  y  £»  7 ,  dp. 

•  Gur  parchemin,  école  byzantine,  144,  5  x  39#  5cm  ;  fixage  avec  üo  h 

dissouc  daps  de  l’essence  de  térébenthina  frai  che  ruent  rcctiiiceet  appUcuee  cous 

*  faible  chaleur. 

i,  -ARC  O  NI,  B. ,  Some  torts  on  the  use  oí  17  an  Xor  fixing  £1  siting  paint  on  iBuniinaieu 
Parchemeni,  in  Studies  in  Conservation,  vol.  Vil,  n*  1,  19¿2,  p.  17 
21. 

hi.  ee  déclare  contre  lee  adhésifs  en  colutions  aqueuses,  h  cause  de  la  uencibiluo 
du  parchemin  ot  do  la  c;p.  è  Vean. 

Essaies  avec  c  ù\j  m  le  r  o  -  c  r  y  s  lohne  (pome  de  rasion  1Ü5—1Ù/  oj  et  mCia^^e  do  çi;c 
¿»abeilles  et  dammar  (5:4)  ;  appliquer  rivcc  légère  dn-’eur  pour  éviter  une  imprégna 


tion  profonde  :  bons  résultats  eu  deux  cas,  changement  ue  couleurs  eu  un  c--¿_,. 
Eosaicavcc  solution  dVRcocd  polyvinyl:  me  h  5y>  !  également  changement  dé  c^UkC — . 
MARCONI,  B. ,  Aesthetic  problems  lu  Conservation  of  art  objects  oa  paper  une  par¬ 
chment,  ICOTvî  Comité  e  iur  Conserva  tien,  Amsterdam,  l9o9,  7p. 

So  declare  pour  l’emploi  do  la  cire.  BúnicnSfiication  dos  couleurs  doit  eue  aede^-o* 
comme  restitution  hypo í  hético: e  c.-a  leur  valeur  optique  presque  originale. 

PORCHER,  J.  Reunort  nur  le  fr.rolceœ  aX:  des  me  nu  a  crûs  h  ucmt’vc  »--g  ICOid,  naio 
de  Barcelone,  1962  (octobre)  3p. 

rapport  sur  le  système  duucransfcrc”  et  le  collage  de  la  c.  p.  par  ’»recouvre^enu*. 
Rate  d’après  les  résultats  ¿»essaies  pour  l’acdtite  de  pclyvr-nyl, 

V/ ACHTER,  O.  ,  Tiber  Tnstscd^-tT.ng  von  Porqr.mcnc,  j.Bmatur  and  dçhriit,  in.  E—ba. 
iind  Graphikplegc,  Stuttgart,  70,  1957,  p.  397.  i^> 
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V/ Pi  O  Jri. id  T  SS  R.,  D.  t  DlC  1\.C  S  CllUI'ic  r  vtli  g  des  ./iCHtilT  j_'IOE-*'Um-*GS  CUS  iCClU'IO.»Q>j>l  ^  CG  — .'  w 

Problem,  in  Österreichische  Zeitschrift  fdr  Kunst  und  Denla  naipi* 
XVI,  1962,  4,  PP.  150-5-1. 

-  cur  parchemin,,--^  5/2,  ecole  byzantine  ;  ayZ  images  en  Xiæe*  page  ;  iiaaavo  puur 
la  c.p.  :  colle  de  aarcbernl-n. 

Y/ACKEEIV-  O. ,  Die  Restaurierung  einer  armenischen  RvorgeUenhandschrift 

(cod.  242)  aas  der  Bibliothek  der  hjcchitaristcn-Congregation  in  Y/i< 
in  ü¿trx¿reickische  Zeitschrift  für  Kunst  und  D  e  nk  rn  a  I  p  I  c  g  c ,  XXIII, 

i< ,  /  r>  "»  /<  *>  /<  *7  r> 

7  Co  ,  IT  « 

-  sur  papier,  XïVc  s.,  242  feuilles  presque  toutes  enluminées,  24,5  x  19,3  cm, 
couleur;  sombrent  mats  ;  une  prêta  ihre  filiation  avec  une  solution  très  légère  de 
colle  de  parchemin  vaporisée  à  distance  avec  l’aldc  d’un  adro  graphe  (i  atc)  après 
prcmoudlagc  à  l’alcool  ;  puis  fixage  plus  fort  avec  une  solution  de  cellulose 
me thy ligue  à  2,  5%  dans  de  l’eau  (Tylose  SD  400  de  Italie  £-:  Co,  V/iesbadcn). 


9/8/1972  E.  De  Witte 


Tests  de  laboratoire  sur  des  échantillons  traités 


Nous  avons  contrôlé  l'efficacité  de  la  consolidation  ces 
couches  picturales.  Les  tests  ont  porté  sur  les  propriétés 
suivantes  : 

1.  Adhérence  et  cohésion. 

2.  Influence  des  variations  hygrométriques. 

3.  Résistance  aux  vapeurs  d'acide  acétique. 

Í.  Résistance  aux  rayons  ultra-violets . 

5.  Compatibilité  Paraloïd-Hydroxyéthyl cellulose  (HEC). 


1 .  Adhérence  et  cohésion 

Il  existe  deux  formes  de  destruction  de  la  couche  picturale 
l'écaillage,  lorsqu'il  y  a  perte  d'adhérence,  et  la  pulverulence , 
provoquée  par  un  manque  de  cohésion.  Il  fallait  donc  contrôler  ces 
deux  qualités  en  môme  temps,  ce  qui  fut  fait  a  1  aide  de  aananns 
cylindriques.  En  roulant  le  parchemin  avec  la  couche  picturale  a 
l'extérieur,  on  n'observe  ni  écaillage,  ni  pulverulence,  meme  en 
utilisant  le  mandrin  de  2  mm  de  diamètre.  En  roulant  le  parchemin 
avec  la  couche  picturale  à  l'intérieur,  on  remarque  quelques  leger 
craquelures  avec  la  mandrin  de  5  nun  ;  avec  celui  de  2  mm,  on  obser 
des  écaillages  assez  importants. 


2.  Influence  des  variations  hygrométriques 

Un  échantillon,  gardé  pendant  plusieurs  jours  dans  l'atmos¬ 
phère  du  laboratoire  (20°  C,  6%  H.R.),  a  été  exposé  alternativ  eme 
à  l'humidité  et  à  la  sécheresse  selon  le  cycle  suivant  : 


19  h.  à  H. R.  100  % 

2  h.  à  H. R.  5  % 

2  h.  à  H. R.  100  % 

2  h.  à  H. R.  5  % 

On  n'a  pas  observé  de  changement  de  couleur.  Le  parcnemin 
ayant  tendance  à  se  rouler  et  à  se  ramollir  à  l'humidité,  de 
nombreuses  écailles  ont  apparu,  avec  perte  d'adhérence.  La  cohesic 
par  contre,  était  satisfaisante. 

3.  Résistance  à  la  vapeur  d'acide  acétique. 

L'échantillon  a  été  exposé  pendant  30  h.  à  une  atmosphère  de 
10  %  d'acide  acétique  dans  l'eau.  Après  ce  temps,  on  a  constaté 
une  légère  décoloration  du  pigment  et  quelques  petites  écailles. 
Comme  on  sait  déjà  que  cet  écaillage  est  dû  à  l'influence  ce 
l'humidité,  on  peut  conclure  que  l'acide  acétique  n'a  pas  c  in¬ 
fluence  . 


1+.  Résistance  aux  rayons  ultra-violets 

Un  échantillon  a  été  exposé  à  une  lampe  UV  Philips 
TL  kO  W/8  à  une  distance  de  1  cm  pendant  168  ho  A  l'oeil  nu, 
on  ne  voyait  aucun  changement.  En  fluorescence  UV ,  le  parchemin 
exposé  avait  un  aspect  plus  foncé  que  le  parchemin  non  exposé, 
mais  on  n'apercevait  auuune  différence  entre  les  endroits  traités 
et  les  endroits  non  traités.  Ceci  prouve  que  le  parchemin  sera 
plus  vite  altéré  par  les  rayons  UV  que  les  résines  employées. 

5.  Compatibilité  Pa ral oïd-Hydroxyé thyl cellulose  (HEC_1 

Puisque  le  Paraloïd  et  le  HEC  deux  résines  de  nature 

tout  à  fait  différente,  il  fallait  contrôler  s'ils  sont  compati¬ 
bles.  Ils  ne  le  sont  pas  lorsqu'ils  sont  appliqués  en  films  ou 
en  gouttes  assez  grosses.  Ils  n'ont  qu'une  adhérence  très  faible 
l'un  avec  l'autre.  Comme  le  rôle  du  Paraloïd  est  d'imperméabiliser 
le  parchemin,  il  faut  bien  veiller  à  ce  que  la  solution  soit 
pulvérisée  en  microgoutelettes . 


Conclusions 

On  peut  conclure  de  ces  tests  que  la  combinaison  Parai oïd- 
Hydroxyé thyl c ellul os e  donne  à  la  couche  picturale  une  assez  bonne 
cohésion  et  une  adhérence  suffisante.  La  stabilité  aux  vapeurs 
d'acide  acétique  et  aux  rayons  UV  est  bonne,  mais  des  variations 
hygrométriques  sont  à  éviter. 

Puisque  le  Paraloïd  et  1 'Hydroxyé thyl cellulose  ne  sont  pas 
compatibles,  il  serait  intéressant  d 'Examiner  d 'autres  résines 
cellulosiques  qui  joueraient  le  rôle  d'imperméabilisant. 
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Un  élément  de  la  discussion  serait  de  voir  quelle 
importance  nous  devons  donner  arpe  déclarations  dos  artistes 
ernr*  1  onrp  OPnvres.  nue]  OUñS  années  n.nros  Hfl  o-péotT  nn  rio 


Etude 


REUNION  DU  COMITE  DE  L’ICOM  POUR  LA  CONSERVATION 


Madrid  ,2-7  octobre  1972 


Hu  comporteront  du  papier  désacidifié  par  différents  procédés 


par 

Françoise  FLIEDER  et  Françoise  LECLERC 


Centre  de  Recherches  sur  la 
Conservation  des  Documents  Graphiques 

Paris 


REUNION  DU  COMITE  DE  L’ICOM  POUR  LA  CONSERVATION 


Madrid  ,2-7  octobre  1972 


Etude  du  comportement  du  papier  désacidifié  par  differents  procodes 


par 

Françoise  FLIEDER  et  Françoise  LECLERC 


Centre  de  Recherches  sur  la 
Conservation  des  Documents  Graphiques 


Paris 


Le  but  de  notre  travail  est  d'étudier  expérimentalement 
un  certain  nombre  de  techniques  de  désacidification  des  papiers 
actuellement  utilisées  dans  les  laboratoires  mondiaux,  de  manière 
a  sélectionner  celles  qui,  tout  en  étant  efficaces,  sont  inof¬ 
fensives  vis-à-vis  du  papier.  Nous  décrirons  dans  cette  communi¬ 
cation  les  méthodes  opératoires  des  differentes  techniques 
passées  en  revue,  avec  les  éventuelles  modifications  que  nous 
leur  avons  apportées  et  les  résultats  obtenus  sur  des  papiers 
de  deux  qualités  différentes* 


Afin  d'examiner  le  comportement  de  ces  papiers  traites, 
nous  avons  étudié  leurs  propriétés  mécaniques,  chimiques  et 
optiques  avant  et  après  le  traitement.  Par  ailleurs,  souhaitant 
savoir  si  la  désacidification  serait  encore  valable  dans  de 
nombreuses  années,  nous  avons  examiné  à  nouveau  la  résistance 
des  papiers  après  un  vieillissement  artificiel  à  la  chaleur 

sèche • 


une 
cat  i 
d  '  un 
de  1 
chac 


Il  est  bien  é 
seule  technique  car 
on  peuvent  revêtir 


livre 

relié  ou 

de 

' ene  re 

utilisée . 

No 

un  des 

cas  la  me 

ill 

vident  que  nous  ne 
les  problèmes  pos 
différents  aspects 
feuilles  volantes, 
tre  désir  est  donc 
eure  méthode. 
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pouvons  pas 

retenir 

s  par  la  désacidifi- 

selon  qu'il 

s ' agisse 

et  selon  la 

quai i té 

de  définir 

pour 

CHOIX  DES  TESTS  DE  CONTROLE  DE  LA  DEGRADAT ION_DU_PAPIbR_ 

L'étude  a  été  menée  sur  deux  papiers  différents  : 

-  un  Afnor  VIl/1  :  lOO  %  pâte  chimique  blanchie  ; 

-  un  Afnor  VIl/4  :  50  %  coton,  50  %  pote  chimique  blanchie. 

La  qualité  d'un  papier  peut  être  estimée  grace  à 
certains  indices  mécaniques,  chimiques  et  optiques.  En  dehors 
de  la  mesure  du  pH,  tous  ces  tests  sont  effectués  selon  les 
normes  de  l'Association  française  de  normalisation. 


Les  examens  physiques  retenus  sont  : 


-  la 

-  la 

-  la 

-  la 


résistance 

résistance 

résistance 

résistance 

Tous  les 


à  la  pliure  (norme  NF  Q  03.001) 
à  la  déchirure  (norme  NF  Q  03.011) 
à  la  traction  (norme  NF  Q  03.004) 
à  l'éclatement  (norme  NF  Q  03.014) 

essais  sont  réalisés  sur  les  deux  sens  du 


papier . 


Les  examens  chimiques  reflètent  l'état  de  la  cellulose  contenue 
dans  le  papier.  Parmi  eux,  nous  avons  retenu  : 

-  l'indice  de  cuivre  (norme  NF  T  12.004)  qui  mesure 

* 

l'oxydation  de  la  cellulose  ; 

-  le  degré  de  polymérisation  viscosimétrique  moyen 

(norme  NF  T  12.005)  ; 

-  la  mesure  du  pH  (norme  T.A.P.P.I.  T  435  m  52). 

Les  produits  utilisés  pour  désacidifier  les  papiers 
étant  des  sels  minéraux,  la  charge  des  papiers  traités  augmen¬ 
tera.  On  estimera  cette  augmentation  par  la  mesure  du  taux  de 
cendres  réalisée  selon  la  norme  T  12.002. 


* 


Il  est  à  noter  qu'à  l'inverse  de  toutes  les  autres  analyses 
cet  indice  croît  avec  l’altération  du  papier- 
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Les  examens  optiques  choisis  sont  : 

-  la  mesure  de  la  blancheur  (norme  NF  Q  03.008) 

-  la  mesure  d'opacité  de  contraste  du  papier  (norme  NF 
Q  03 . 006 ) . 

Le  vieillissement  artificiel  a  été  obtenu  en  laissant 
séjourner  les  papiers  pendant  72  heures  dans  une  étuve  sèche, 
ventilée,  maintenue  à  105°. 

DESCRIPTION  DES  DIFFERENTES  TECHNIQUES  ÜE_5|§ACIDIFICATION 
METHODES  AQUEUSES 

Toutes  ces  méthodes  ont  été  mises  au  point  au  labo¬ 
ratoire  du  Pr  BARROW  (vV.J.  BARROW  Research  Laboratory  Inc  •  , 
Richmond,  Virginia,  U. S. A.)  entre  les  années  1940  et  1959. 

Méthode  1  : 

J^nc^ic.ot.io.njL  Üe<£u®.^JL^ie—  ¿aHs~^E.  iAA té^rc^tjjre.  (1-5)  : 

On  immerge  les  documents  pendant  20  minutes  dans  une  solution 
d'hydroxyde  de  calcium  à  0,‘i5  >b  et  on  les  seche.  On  les  plonge 
alors  20  minutes  dans  une  solution  de  bicarbonate  de  calciurti 
à  0,15  %  ;  on  sèche  à  nouveau.  Dans  le  cas  où,  après  traitement, 
il  y  aurait  un  dépôt  blanchâtre  à  la  surface  du  papier,  on  doit 
l'enlever  a  l'aide  d'un  pinceau. 

Dans_nos_expériences  :  nous  avons  préparé  la  solution  d'hydro¬ 
xyde  de  calcium  en  dissolvant  13  g.  d'oxyde  de  calcium  dans  un 
litre  d'eau  et  en  faisant  barboter  du  CO^  pendant  20  minutes 
au  débit  d'un  litre  par  heure.  La  solution  de  bicarbonate  de 
calcium  a  été  obtenue  d'une  manière  identique  en  partant  de 
carbonate  de  calcium. 
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Méthode  2  : 

Indicat  ions  j^e^ue.!  l_lj_as_  dans _ la_  l_i  t^tjsratjjre.  (2-5;  : 

On  utilise  une  solution  de  bicarbonate  de  calcium  à  0,2  %. 

Dans  nos  experiences  :  on  fait  barboter  pendant  deux  heures  du 
CO^  au  débit  d'un  litre  par  heure  dans  une  solution  aqueuse  de 
carbonate  de  calcium  à  0,2  %  sous  agitation.  La  solution  est 
décantée  et  les  feuilles  sont  immergées  pendant  20  minutes, 
puis  séchées . 

Méthode  3  : 

Indications^  _re c_ue_ i_l l_i_e s_  daris _ l_a  _l_i t_t e^ra^tju re_  (3-4) 

On  emploie  une  solution  de  bicarbonate  de  magnésium  obtenue  a 
partir  d'une  solution  de  carbonate  de  magnésium  de  1  à  2,5  /© 
dans  laquelle  on  fait  barboter  du  CO^  pendant  2  heures.  Le 
traitement  peut  être  applique  soit  par  trempage,  soit  par 
pulvérisation . 

^aIls— nos— e— P£rie— c— s  :  on  utilise  une  solution  de  carbonate 
de  magnésium  à  IO  g.  par  litre  dans  laquelle  on  fait  barboter 
du  CO^  pendant  deux  heures  au  débit  d'un  litre  par  heure  sous 
agitation.  On  décante. 

“  méthode  3a  :  les  feuilles  sont  trempées  20  minutes 

dans  cette  solution  et  sechees. 

-  méthode  3b  :  on  pulvérise  la  solution  recto-verso  sur 

les  papiers. 

METHODES  NON  AQUEUSES 
Méthode  4  ( 6 )  : 

Elle  a  été  mise  au  point  par  M.  BAYNES-COPti  (Research 
Laboratory,  British  Museum,  London).  qui  utilise  une 

solution  d’hydroxyde  de  baryum  de  0,2  à  IO  %  dans  du  méthanol. 

Dans  nos  excp^é r^ie^nce^s^:  nous  avons  fait  une  solution  à  1  >° 
d'hydroxyde  de  baryum  à  partir  de  19  g.  de  baryte  oc ta-hyd ratee 
dissous  dans  un  litre  de  methanol. 


-  méthode  4a  :  les  feuilles  sont  trempées  20  minutes  dans 
la  solution. 

-  méthode  4b  :  on  pulvérise  cette  solution  recto-verso  sur 
les  papiers. 

Méthode  5  : 

Nous  avons  utilisé  un  produit  commercial,  le  Regnal 
7P*  vendu  par  la  "v/orld  Patent  Corporation" .  Les  papiers  sont 
pulvérisés  recto-verso. 

méthode  6  : 

* 

Nous  avons  expérimenté  un  produit  vendu  par  Ni.  SMITH 
sous  forme  de  bombe  (Richard  Daniel  SMITH,  2374  S.  William, 

St  Denver,  Colo.  80210).  Les  feuilles  ont  été  pulvérisées 

recto-ve  rso . 

Méthode  7  (4)  : 

Nous  avons  employé  une  solution  d'acetate  de  magne¬ 
sium  à  1  %  dans  du  méthanol,  que  l'on  .a  utilisée  soit  par 
trempage,  soit  par  pulvérisation. 

METHODES  GAZEUSES 
Méthode  8  : 

On  soumet  les  papiers  à  des  vapeurs  ammoniacales  à 
la  concentration  de  300  ml  par  m3  pendant  six  heures  dans  une 
étuve  maintenue  entre  35  et  40° . 

Méthode  9  : 

Cette  technique  a  été  mise  au  point  par  M.  LANGWELL 
(9)  et  décrite  par  M.  CARTHY  (7).  Celui-ci  intercale  dans  les 
livres  des  papiers  imprégnés  d’une  solution  de  carbonate  de 


* 


La  composition  exacte  de  ce  produit  nous  a  été 
confidentiellement  par  cette  firme. 


communiquée 


La  composition  du  produit  ne  nous  a  pas  été  communiquée. 


** 


très 
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cyclohexylomine ,  produit  tres  toxique  qui  stogne  q  1  intérieur 
des  liasses  de  papier  et  pui,  de  ce  fait,  risque  d'incommoder 
dangereusement  les  utilisateurs.  Par  ailxeurs,  selon  les  tra¬ 
vaux  de  M.  DUPUIS  et  de  ses  collaborateurs  (8),  il  a  été  prouvé 
que  l'encollage  a  la  colophane  est  détruit  et  pue  le  papier 
jaunit.  Nous  n'avons  donc  pas  cru  bon  d'examiner  l'efficacité 
de  cette  technique. 


EXPRESSION  DES  RESULTATS 

EFFICACITE  DU  TRAITEMENT 

Comme  nous  venons  de  le  voir ,  les  méthodes  aqueuses 
et  non  aqueuses  s'effectuent  soit  par  trempage,  soit  par  pul¬ 
vérisation  . 

L’immersion  des  documents  présente  de  nombreux 

avantages  : 

-  désacidification  plus  complète,  car  le  produit  penétre  mieux 
et  les  acides  libres  solubles  sont  élimines  ; 

—  léger  nettoyage  des  documents  sans  risque  d 1  aureoles . 

Cette  technique  n’est  cependant  applicable  qu'aux 
feuilles  volantes  ou  aux  livres  obligatoirement  déreliés. 

La  pulvérisation  est  d'emploi  plus  aise  ;  néanmoins 
nous  faisons  des  restrictions  quant  a  son  utilisation  sur  des 
livres  reliés  :  risques  d'auréoles  si  le  document  n'est  pas 
parfaitement  propre  ;  difficultés  de  sechage,  en  particulier 
lorsque  l'on  utilise  des  solutions  aqueuses  ;  enfin  possibilité 
d’une  déformation  du  papier. 


* 


Ils  proviennent  soit  de  l'oxydation  de  la  cellulose  ou  ae 
1g  lignine,  soit  de  la  décomposition  des  produits  d'encollage. 
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La  plupart  des  méthodes  essayées  ont  considérablement 
augmenté  le  pH  du  papier  qui  s'échelonne  entre  7  et  10.  On  peut 
cependant  se  demander  si  un  pH  de  IO,  comme  celui  obtenu  dans 
la  méthode  6,  ne  risque  pas  d'être  trop  alcalin. 

Par  contre,  certains  procedes  ont  ete  très  peu 
efficaces  : 

méthode  2  :  le  pH  du  papier  est  passé  de  5  à  6 .  Nous  avons 
essayé  de  modifier  la  technique  en  utilisant  soit  une  solution 
plus  ou  moins  concentrée,  soit  en  faisant  barboter  le  CO^ 
pendant  des  temps  plus  longs  allant  jusqu'à  six  heures.  Les 
résultats  ne  se  sont  pas  améliorés  pour  autant. 

méthode  5  :  le  pH  des  papiers  traités  est  passé  de  5  à  6. 

méthode  7  :  qu'il  s'agisse  de  pulvérisation  ou  de  trempage,  le 

pH  du  papier  n'a  jamais  dépassé  6. 

méthode  8  :  le  pH  du  papier  traité  est  resté  très  acide.  Pour 

l'Afnor  VIl/1 ,  il  est  passé  de  5  à  6  et  pour  l'Afnor  VIl/4 

de  4,9  à  5,5. 

COMPORTEMENT  DU  PAPIER 

* 

A  l'exception  de  la  méthode  5  (1),  nous  avons 
examiné  la  résistance  des  papiers  traités  par  des  méthodes 

augmentant  substantiellement  le  pH. 

D'après  les  tableaux  et  les  courbes,  nous  pouvons 
conclure  avec  certitude  qu'aucune  des  méthodes  de  désacidi¬ 
fication  étudiées  n'a  altéré  la  résistance  du  papier.  Au 
contraire,  dans  la  plupart  des  cas,  on  note  une  augmentation 
très  importante  de  la  résistance,  particulièrement  apres 
vieillissement . 


*  Le  Régnai  est  un  produit  de  renforcement  contenant  une 

substance  alcaline  vendu  dans  le  commerce  "prêt  à  l'emploi". 
Son  utilisation  en  est  très  aisée ^et  rapide,  c'est  pour 
cette  raison  que  nous  avons  étudié  ses  effets. 
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En  conclusion  do  ce  travail,  nous  pouvons  avancer 
les  suggestions  suivantes  : 

-  D'une  façon  générale,  avant  tout  traitement,  il  est 
indispensable  de  faire  des  essais  de  solubilité  des  encres 
dans  l'eau  et  dans  le  méthanol  pour  sélectionner  une  technique. 
Dans  le  cas  peu  probable  d'une  encre  soluble  dans  ces  deux 
solvants,  il  ne  faudrait  pas  désacidifier  le  document. 

-  S'il  s'agit  de  désacidifier  un  volume  que  l'on  ne  peut 
absolument  pas  dérelier,  on  utilisera  une  pulvérisation.  Dans 
le  cas  où  l'eau  ne  risque  pas  de  solubiliser  les  encres,  on 
emploiera  la  méthode  3b,  dans  le  cas  contraire,  la  méthode  4b. 

-  S'il  s'agit  de  désacidifier  des  feuillets  volants,  on 
utilisera  de  préférence  une  méthode  par  trempage  ;  la  méthode 
3a  pour  les  documents  ne  craignant  pas  l'eau,  la  méthode  4a 
pour  les  autres. 

La  méthode  1  peut  également  être  retenue,  mais  son  mode 
opératoire  est  nettement  plus  long. 

La  méthode  6,  a  l'inconvénient  d ’ alcaliniser  le  papier. 

Par  ailleurs,  c'est  un  produit  inutilisable,  parce  que  trop 
onéreux.,  s'il  s'agissait  de  désacidifier  de  très  nombreux 
documents.  En  outre,  nous  ne  pouvons  préconiser  un  produit 
dont  nous  ne  connaissons  pas  la  composition. 

Il  est  bien  évident  que  ce  travail  n'est  pas  exhaustif, 
car  nous  n'avons  examiné  de  pcès  que  les  techniques  qui  nous 
ont  paru  être  le  plus  couramment  utilisées  dans  les  differents 
ateliers.  Il  nous  faudra  donc,  par  la  suite,  poursuivre  cette 
étude  en  fonction  de  toutes  les  nouvelles  méthodes  mises  au 
point  ;  nous  pensons  en  particulier  expérimenter  les  techniques 
décrites  par  H.  SH ITH  (10)  au  méthoxyde  de  magnésium  ainsi 
que  celles  à  base  de  borax  et  de  bicarbonate  de  sodium,  citées 
par  Otto  WÄCHTER  (11). 


Centre  de  Recherches  sur  lu 
Conservation  des  Documents  Graphiques 


Paris 
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(QEAÎÛÏEB  jDMsTOM  DSS  OBOVHBS  G'Afiîf  PAH  LES  METHODES  SCI  MrCSlQ. 
1 Í  H  XVI  RS  XTS  CkTñQLl  QU  S  I)  S  LOU  V.  A.  1  ai 


Là  SADIOGRAPHXS  KH  COULEURS  APTMQÛBE  A 
L*  ETUDE  LS S  OEUVRES  D 1 ART 


Muriel  LIETASET-PAHMEKTllinî 
J  o  ae  tte  PXRA8B—S CH QUIT BTEX 
Hogar  VAN  ;3  CHOU  TE 


ñu  fi 


UÎIXi  IfTTEENAT IONAL  DBS  MUSSES 


COMITE  POUR  LA  ÜÜHSSEFM IO W 


i.èiaa  R  éaai  on  PjLén:iè'.re  8BVJ.tR;üJ  19  i 


wit  il  i  ©at  i  on  dB  la  radiola. plaie  en  c  auteurs 
est  ë "taxd iée  depute  longtemps  éans  le  dómame  médical  et 
iuckiatriel  •  X>ft>  bu*  de  la  pré  seis  te  commmieaticMa  est  de 
signaler  um  certain  nombre  tl* étapes  ola;tu3  l*usa^;e  de  la 
radiographie  an  couleurs  dama  les  domaines  précités  et 
(3.6  montrer  1ê>£3  premiers  résultats  que  nous  avons  obtenus 
par  l 'appli-C  sitien  de  ces  te tdmiques  aujc  oeuvres  d*art  et 
principalement  aux:  peî  in  tore  b  . 


APERCU  HISTORIQUE 

f 

L'aperçu  historique  comprend  trois  parties  : 
la  rad  io graphie  «en  couleurs  simulée s„ la  radiographie 
directe  en  ccxileurs  ot  lai  radi ©graphie  uaonochroinatique ■ 


RADIOGRAPHIE  EN  COÜLSÜSS  SIllöIiKES 


A  notre  connaissance  et  est  en  1926  qpae  l"on 
signale  pour  la  première  fois  la.  radiographie  en  couleurs 
*  s  tutti  è  e  s  .COBBC0OX  et  G  IB  SOT  (1)  utilisent  des  écran»  de 
tailles  et  de  couleurs  différentes  pour  l'üxamen  de  radio- 
graphie  b  pulmonaires  ♦  Il  s  prennent  un  écran  vert  pour  le*  s 
image 3  claires  ou  grises  yéLcnt  le  contraste  est  ainsi 
renforcé *tlE3  emploient  un  écran  jaune  pour  les  iraä^ges  eiu 
contraste  trop  élevé;  ils  suppriment  a  in. si  1*  éblouis»  ament 


causé  par  le  s-,  seines  trop  KL  a&clîegi  et  permet  te  rit  un  échai— 
i-age  intensif  qua  pénètre  Iss:  gongs  noires  Ma  mena  lunués 
HÎXLLIPS  L2)  obtient  tme  linaje  red  logra  phi  que  :r  ouge  9tn 
utilisant  ■un  écroui  fluor«!  ascent  verdâtre  »Pro  je  Irtan,  t  une 
lumière  rouge  sur  cet  écran  <, il  produit  une  impression 
Manche  #ïïn  ob  ¿et  situé  entre  la  source  de  radiations  at 
l1' écran  f  dessine  vmn  image  rouge  «Comme  ifl<e f:fe t  hlanchjttrs 
provoqué  par1  l ’addition  du.  vert  et  du  rouge  est  supprimé 
"dans  cette  z one p ¡seule  la  lumière  rouge  apparaît  « 

Oralement  eu  1949  „puis  par  écrit  e&  195L*BONC>VAJf 
(  1  )  montre;  qu’une  radiographie  colorée  présenta  sur  urne 
semle  image  les  info  mations  de  deux  ou  plusieurs  radio¬ 
graphies  noir  et  blâme  „dans  uj ne  f.  orme  naturel  leiaeiit  at— 
t  rayar,  te  pour  l*oeiJL  «ÏT  at;  i  quemen  t  il  part  de  riadio  graphie»; 
«il  noir  et;  blanc  €ît  se  basant  sur  la  théoritî.  des  trois  cou¬ 
leurs  primair  e  s,  il  u  til  isa  tantôt  la  méthode  additive  pour 
la  projection, tantôt  la  méthode  s ans tractive  peur  l'iapre»- 
sion  sur  papier  flies  1  '  lu  age  col  orée  «De  s  essaie  ont  égale  n.Eiiit 
été  réalisés  avec  cLeurx  couleurs  sesulement^Doe  radiographies 
en  couleurs  de  ce:  type  sont  particulièrement  intéressant eu 
pour  1?  étude  des  tissus  moused  ont  elle  a  révèlent  non.  »ou- 
louent  l ’aspect  externe  hjie* is  égaletaent  lf aspect  intente  qui 
reste  lui  aussi  -pariai  temecat  discernable* 


Piarar  et  BAJEES®  en  1950  (4)  ae  préoccupent  de 
l’aspect  didactique  de  .la.  preis  art  Bit  i  ou  dea  nui  i  ogr  a.pih  lies«, 
les  étudiants  u’farriveæ.t  que  difficile  »ent  à  mettre  eu 
relation  ce  qu’ils:  voient  avec  Leurs  ccamaissimces  théo¬ 
riques  d #  ana  tombe  et  de  pathologie  -Après  plusieurs  recheiv» 
ch.es  dams  diverjas:  directions  ,P3Lr*ke;y  et  Parlar  mettent  aut 
peint  uui  procédé  de  coloration  ünanuielle  „.Am  dLép&rt  de  la 
radio  graph,  le  en  noir  et  blaxus  f  un  négatif  ord  maire  est  pria* 
>C'e  négatif  est  ensuite  imprimé  par  coh  tatet  ou  par  a  grita.— 
diaseaeat  m\r  m  filî  JXEr rtsH ac :iB „  Ge  filia  est  développé 


normal  ernenn  .Après  le  derel  oppemeat  et  le  bain  d'arrâl^JUs 
ri.x52  est  placé  en  eau  alinde  où  la  gela  time  da  1  *  élision 
fond  en  part  le, de  nanière  liare  r^-éstrnt  proport  1  orme  lie  h  la 
quantité  de  grains  & *  argent  réduits  »On  obi  ieni;  al  oins  nme 
sorte  d f  image  en  bas-relief  avec  une  ép&lBsfcur  d f  émule?  icrai; 
plus  grande  dans  les  r;o*xieo  sombres  et  plus  faible  dans  Îlos 


senes  claires  *  Après  séchage  ,  l’image  est  priste  jpour  la 
coloration  au  moyeu  des  teintes  adéquates« Le  résultat  obte¬ 
nu  est  alors  photographié  sur  un  film  couleurs  de  35  im„  et, 
apres  traitement  erdinalï^ t les  documents  sont  montés  e*j*  4ia>~ 


positives. 


Su  se  basant  amr  les  travaux  de  Pirkey  et  Starker, 
DOWDY  et  BDlfiUCK  (5)  présentent  tan  1953  une  amélioration  de? 
la  méthode  *  Ils;  utilisent  non  plus  le  f  ilm  PLSiaÇBlü^  mnin 
'an  frlm  MATRIX',  pour  reixllser  1*  image  earn  Ibas— relief*  destinée 
h  être  colorée  «Bn  I95B  BOIM  et  DOWDY  (6)  présentent  une 
dernière  amélioration  du  procédé«  Ils  préconisent  pour  la 
réalisation  du  premier  négatif  „dont  la  qualité  est  esecH*-- 
tie  lie  —puis  qu  *h  la.  base  de  cette  te  chnique  -1 14  ut  ilisati  cm 
dÄun  LOGST  ROM  •  Lei  procédé  du  LÖGET EON  penne  t  d»  ob  tenir  une 
reproduc ti 031  fidèle  et, grâce  ;à  .1  ’  automatisation  et  à  la 
standardisât  ion  du  système  ,  de  supprimer  de  nas»breux  ifat2teurs 
de  variabilité.  Il  s  utilisiea.t  tau  jours  le  film  MATRIX  au  Pan- 
NLATRïI.Le  but  fsLnal  reste»  egalemeut  didactique». 


Dans  le  domaine  de  *1  Angiographie, DJ ÏNDJ.IAIÏ  <7) 
présente  en  1964  le  procédé  àa  WIMIERB  qui, se  basant  sur 
la  méthode  de  soustraction  de  2I&DS.SS  DES  PLANTES  , réalise 
Ltae  différenciation  optique  de  deux  clichés  inaàiograpnilqttes; 

Moyen,  de  deux:  negatoscope  n  «mis  chacun  d*im  rhéostat 
ei;  de  filtres  colorés  (rouge  pour  1  *  un  vert  ou  bien  -pour 
X lautre ) .Avec  MARTIN  (B),,  il  présente  une  nouvelle  méthode 


qui  améliore  encore  la  dlff 


renciat  ion  den  réseaux  artériels 


et  veineux  par  la  transpon à  taon  pbo togra-phiqua  en  2  couleur 


4- 


lîiXOQÜIST  et  VilS3iAîri>»a  <9)  rs  premier it  et  aa¿  Llore  nt  le  pr<¡~ 
cédé  de  Martin  finad  s  utilisent  trois  couleurs „îïr&tiqueiifintt 
à  3.3  superposent;  "trois  oj3giog:najnsaes  représentant  ties  phases 
différentes  de  la  circulation  »ta.  sangres  radiographies  en. 
amr  et  liane, ils  tirent  trois  copies»!  •une  en  |Bunef l^awltre 
en  magenta  ,1a  dernière  au  «jaja , 

3Sm  1967  ,B O®  (10)  montre  qu'il  est  possible  de 
rédudre  dans  une  proportion  de  50  à.  60  $  le  produit  Mi.  s  «. 

H  indique  en  effet  que  na&me  le  d<éTeX  oppe  ment  on  couleurs 
do  radiographies  s  ou  s-exposé  es  donna  des  inferna  aidons  compa¬ 
rables  à  celles  de  à  ooume&its  noir  et  liane  correct  euer  t  r:e- 
posés , 


MirocaAPBiE  diheceb  m  cwums 


La  rad  Logra  plie  directe  en  couleurs  se  distingue 
de  la  radiographie  en  cotLLenrs  simuuLée»  par  1b  fait  qu*i.i 
rw3  s ‘agit  plus  de  transformez*  la  vision  dfun  ütociusent  rail  log 
phi  que  original  noir*  et  blanc  en  impression  colorée  ,mal;s 
directement  de  soujret tre  aux:  radiation»  uin  filtra  couleurs, 
sensible  aux  rayons  3T.*1  •  iraagp  c  ol  orée  obtenue  ) ûb  re  produit 
pae  les  couleurs  origínales  ¿le  I* objet  irradié  «ai»  dés 
mtosas  it é  s  do  rad  ija ti  f; u  s . 


En  193B  »ifAiLEBONf  (11)  maire  X*  intérêt  de  s«*~ 
mettre  âirectaaie'nfc  aux  r^/oms  X  un  :filia  eouXeur(âgf&  Colcr), 


avec  ou  sans  é cran  rend  créateur 


C  ‘eat  cm  1948  que  BSB&BHHOPF  (12)  luirte  sur  le 
fait  quelle  nombre  de  délai!  s  de  des  sité  discn-d  minable  par 
1  *  aeil  húmala  eu  couleurs  dépasse  celui  en  sloIt  e  t  blanc*  4 
Ceci  est  particuXâèremeni;  valable  peur  les  cocLleuxs  situées 
k  proximité  du  nœjiiauxB  de  la  sensibilité  de  Ie  ce  il. 


Suite  à  des  tita  vaux  communs  de  BBÊGB'Hîi&Pf ,  MXLIiüJi! 
et  BIŒLER  ,  le  dernier  nommé  (13)  pré  »on  te  <en  19  5-6  l'état 
des  reiche  rehe  s  pour  réaliser  des  films  recouvert*  de  plu¬ 
sieurs  coudes  d 11  émulsions  colorées  dont  le  traitement  ne 
serait  pas  plus  compliqué  qu'un  traitement  de  rad  l.  i<o  graph  io  s 
en  noir  et  blanc  »Ses  essais  ont  été  faits  avec  des  fiXris 
portant  des  deux  côtés  l'émision  de  base  plus;  des  compo&snt 
coloreadla  re charo he  a  ensuite  porte  mix  la  realisation  er 
una  émulsion  c ona&nie  des  divers  éléments. Il  ne;  s’agit  pa.s;  de 
solutions  finales  directement;  exploitables  camerc  laie  ne  a.- 1 
mai  b  et  *  a  E3sa  is  en  1  ab  oratoire  . 


Sn  i960 , BEEGBBHÖBF  (14)  présente  un  support 
c  ou  p  or  tant  deux  ámulsioms  ckromogène  s  différante  b  avec  des: 
courbes  de  ¿gradéis!  on  identique  .En  outre  ce  support  peut 
être  coloré  dans  une  troisième  couleur, »Ce  nouveau  film  ea 
c  ouleur«  est  prias  ¿paiement  préconisé  pour  la  t«  etaiepaa  ds 
1  "encéphal  o  gra^toi-a  »Ces  radiographies  &n  cota  learn  peuvent 
être  examinées  daas  un  negatoscope  muni  de  jalousies  et 
d*un  râclair-aga  d* intensité  variable. 

Déjà,  en  1958  # BONAKH  (15)  avait  reccHuua  V  imper  ~ 
tance  des  recherches  menées  pour  trouver  la  composition 
idéale  d * énicls; lona  couleurs  sensibles  aux  rayemr 


*6~- 


E gaiement  lr;.téressíéí3  par  .i a  rad i ogrann i©  directo 
en  c  ou  le  ur  g  *  BM I S  et  SCHREIN-  (16  )  „  présentent  en  1955 
forcaule  toute  d  iff  érente  r  lie  pl&c-ani  un.  fixi;i  couleurs  21  ocrais.», 
(de  préférence  négatif  )  enfria  cieui  écrans  rétif  orea  tears  spè¬ 
ciaux^  exposés  ensuite  de  façon  classique  au  rayotmemenl  .Ces 
écrans  différents  IHui.  de  Ikuutre  „produisent  mue  .lumière 
fluorescente  lorsqu *  ri  s  sont  soiutia  aux.  rayons  -L-*  Conute  a.  le** 
tenait é  lin ora scô nt e  dépend  a  la  fois  du  carao tere  qum. t/fa- 
tatif  et  qualitatif  de  la  radiation  absorbée, la  couleur  qmi 
en  résulte  dépendra  également  de  I 'finite  nsi  té  et  de  1a  cotb  po¬ 
sit  ion  spectrale  du  ray  omis  mtnrt  « 

En  136 4-  ÄffG-BfiST!SlH*KfiII G  et  HJiEOW  (il)  reprenant 
l'ensemble  des  procédés  d'1  obtention  de  radiographies  cou¬ 
leurs  ,  e  imposent  en  détails  I o  te  clinique  de  KAÎf3Qj&iYi  II a 
196-0  (IB  )>  do  transfer®  at  ion  à  vur  cliché  photographique  n^ir 
et  blanc  en  une  image  couleurs -.Cette  technique  sera,  appl i— 
qué€;  h  la  radiographie  par  H'MIOW,ANGËHSTEXïi  ,KMJb  e  x,  LAM£îLÎj~ 
2  et  poréoentée  avec  HEXCH0B2Í  en  1961  au  congrès  de  radio¬ 
graphie  d.e  Hambourg  (19  ,20).Xbö  auteurs  utilisent  deux  ou. 
trois  cmitleurs  élémentaires  :1e  bleu, le  pourpre  at  le  jairas, 
le  cl  ich.  é  noir  et  blanc  étant  à  notice  au  “halogénisè  H  avaiat 
de  ssabir  un  nouveau  déraln>ppoi3Kînt t ohroniogène  p.ette  fois. 

Ayant  appliqué  ce  procède  G-v e c  suecos  à  La  radi-C6— 
graphie  thoracique^CHîrira^i:  fit  c  cl  labor  at  eure  (21)  insistent 
en  1969  saur  la  me  ill  et  ra  captation  de  1  •  intérêt  des  étudia» * 
9ear  une  plus  , grande  rapidité  dans  le  diagnostic  et  sur  1*. 
simplicité  du  procède« 


Dass  le  domaine 


industriel  BEYER  (22)  aonl re 


X*  interet  de  documents  couleur  a  pour  la 
ci*  objeta  métalliques  qui  pré,  s  Datent  das 


rail  i  ogr  s.ph  le 
caractères  de 


den  si.  té  netteraenï  plus  élevés  que  les  tissus  et  le  ^sque¬ 
lette  humain,  Il  a  jiotaasunent  appliqué  le  procédé  à  de 


mince  a  feuilles  ii  'uranium  dont  les  diverses  carac  tár  is— 


tiques  deviemenlt  claixeinent  apparentes,* 


CoEiif  ini  at  i  on  de  cet  mterdt  est  donne  par  PAHISCÎ! 
et  HflLBK  (21)  »par  ÔS'TROPSKY  (24)  et  par  BEYER;  (25)* Ceo 
diverses  études  présentent  des  exemples  de  radiographie 
iaciu  strie  lie  pour  des  .contrôles  de  qualité  «Des  justifica¬ 
tions  et  mesures  théoriques  du  procédé  sont  exposées  de 
façon  détaillée  par  HK3HEBR  et  LINKE  (26)  et  par  HEINZ  * 

KIH  et  BILLJT05YEH  (27)  «De  cette  dernière  étude  il  apparaît 
clairement  que  la  radiographie  en  couleurs  contient  une  pluie 
grant  e  quantité  d'information  que  la  radiographie  en  noir 
et  blanc,, 


R&XŒOGH  APK XE  MCWOCH  ROi^AT  IQ1I B 


D* autre  s  reche  relie  3  ont  montre  que  1*  im.tr  a  duc  t  Ion 
cl  *  une  seule  couleur  dans  la  radiographia  était  f  i  santé 
pour  atteinte  cette  eugrnen  latían  d  *  informations  recherché  eu. 
La  radiographie  aonochraaei  ique  offre  en  outre  1 !  avantage 
ci1  un  développentent  plus  aisé* 

En  1967  , BLANC  (23)  présente  les  premières  reche  i*- 
che  s  de  r ad i< igraphi e  b  mon û chr 02 .at iqu.e  s  « 


....  'A ... 


Is O.i '.il  x  î> 


lit ¿1  i b aat  une  pellicule  blou-vlclet  .  Il  insista  anr  la 
Latitud*  dw exposition  du  fila  et.  la  haute  définition  des 
clichés  *  Il  n’est  cependant  pas  certain,  que  le  résultat 
ainsi  obtenu  est  le  me illeur« Il  estime  que  de  nouveaux 
essais  penne tl-Torn;  de  déterminer  la  couleur  la  plus  ef- 
£ icace  Jtn  1970  (30),  .le  rJme  auteur  a  outre  que  le  contraste 


de  1  * ina«age  peut  efre  sugmenté  à  volonté  en  modifiant  la 
composition  spe ctraLe  de  la  lumière  dv,  négstoîs-cope  ou  en 
utilisant  des;  filtres  colorés* 


Divers  do  -marient  s  sur  pellicule  mono^hroiao  bleue 
sont  également  présentés  par  G¡DLM,RDi(3»l)  qu  i  *mj  ¿montre 
1  * avantage  par  rapport  aux  pellicules  trad. it Lonne li.es  , 
qu'elles  soient  vus«  or  lumière  normale  ou  à  travers  d.fts 
filtres  colorés *Dn  ;jeu  do  quatre  filtres  aliasot  e.ii  3  ai  me 
clair  à  1  "crange  foncé  est  disponible* 


les  awâütages  réels  du  procédé  sont  confirmés 
pair  ZBXt'iML  et  EÜRXNÖ  Í32)  qui  insistent  sur  il  absence  de 
grain  f  la  résolution  analogue  à  celle  de  la  ra. à i€*£raph i e 
en  u.oir  et  blanc  et  la  grande  latitude  d'exposition* 
CcaieeraBjit  ce  dernier  point  f  on  peut  en  effet  c  onsidé:re  r 


que  la  tolérence  d  *  *2  meurs 
dans  le  cas;  ü"un  filas  noir 


est  deux  fois  plu 3  grande  que 
et  blanc  ..les  demain*  a  évoqué  i» 


par  ©es  au teu r s  x*e  1  «ven t  de  1 1  angi o graph. le, de  la  radio- 

girajáa  le  th  ora  c  iqi  -.e  g  t;  ci.  e  l*sr  i;  é  r  i  o  gra  ph  le . 


Xa  raciioipraphie  wc  .10 chromatique  <i.  égale^nt  ete 
appliqua é-e  avec  succès  à  la  masmicgr&phie  par  l¿\TJ>PtCU¿i , <rjJ1  &'S 
et  vïAJlfi  (33  )<» 


A  P  P  X,  I  e  â.  Î 


ïïn  tableau  act  cay  me  flamand  da  XVI  le  e.  a  été 
choisi  come  exemple  ele  radio  gr&gÆde  en  couleurs  simulée  e  ei 
cle  radiographié  directe  en  c  oui  entra* 


PAMOGHâPHIK  m  CGÏÏLÎ3JRS  ¡5I&SLEES 


IQae  radiographie  originale  en  noir  et  Via  ne  CSÎ‘HiCïU£D- 
D*?j  a  tserrl  ;p*oxir  réaliser  une  impression  par  contact  sur  t%ln 
COPI-CGULBlîRjS.  Au  coure;  du  développement ,  le  document  est  retire 
du  Valu  de  révélateur  „  après  le  moitié  du  temps  normalement 
préconisé,  et  exposé  Æioue  mie  lampe  iau.nl a  d'uni  filtre  coloré  - 
pour  c«s  eseais*  on  a  successivement  €».  ployé  un  filtre  jaune, 
un  filtra  cyan,  et  un  filtre  magenta  -,  puis*  le  développement 
emt  poursuivi  at  achevé  a  oitu  element* 

IDaae  les  trois  cas,  lac:  résultats  sont  relativement 
seiaM  atoles,  lie  donnent  une  image  toute  en  cor. tráete  p?*r  rap¬ 
port  à  le.  radiographie  originale  en  noir  et  blanc  qui  pré¬ 
sentait  un  noircissement  assez  faible. 

EUaOôRiüRHIK  M  HEGTE  W  0001, BOBS 


destitué  à  la  couleur. 

Trois  «  s  sai  s  ont  été  réalisés.  Les  éLeux  premiers 
avec  exposition  sous  filtre  magenta»  en  cours  de  développes e»t. 
Cos  deux  essais  osât  été  effectués  dans  las  aSaee  condi txotiß  uai?s 
le  temps  d'exposition  a  varié;  6  minutes  pour  l ’un  et  Î2  ni- 
sautes  pour  1  *  »mtr«1 .  tin  troisième  essai  a  été  réalise  avec  expo¬ 
sition  sous  fjLLtr#  jaune  pendant  le  développement 

Les  documents  obtenus  arec  filtre  mngenita  sont  très 
moacicéa  et  pemetteut  de  lire  facilement  les  divers  détails. 

Il  »'’existe  paît  de  différence  sensible  dans  lös  rèavdt&ts 
obtenus  en  variant  les  temps  4*  exposition*  L 'image  obtenue 
avec  le  filtre  jaune  met  surtout  en  évidence  les  xciueis  de 
forte  densité  qui  apparaissent  sous  forme  de  plages  sombres 
tandis  que  lee  zones  de  faible  densité  sojat  moine,  aisément 
perceptibles. 

Pour  des  raisons»  d'ordre  technique,  lee  essaie 
:nromt  pu  &tre  poursuivis  sur  ce  plan. 


BfcDlOôBA» HIE  HQHOGERDMÔÏI QUE 


L* attention  du  laboratoire  a  surtout  porté  sur 
1 1  eu plot  de  la  radiographie  mono  chromât!  que.  Los  filias; 
médicaux  HL8B  UPE  HL  de  jiM  et  MEDŒCHBCME  d*A4flft*G«waert 
ont  été  utilisés. 

Outre'  le  tableau.  14  j  à.  utilisé  précédenuumb,  les 
«»«©pie©  retenus  sont  :  e&  i¡  einturs*  use  Vierge  en  buste  sur 
toil*  dut  iVIle  íí,s  une  marine  du  tëIXe  a*  »or  toil*  ut  un 
tableau  italien  *  sur  bois  et  parqueté,  du  XVI  e  s,;;  comme 
objet  métallique,  un  couvercle  er  bronza  nésopotanaien  et  en 
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IDENTIFICATION  OF  WORKS  OF  ART  BY  MEANS  OF  AN  OPTICAL  COMPARATOR 


by 


M.T.  Gale  and  D.L.  Greenaway 
Laboratories  RCA  Ltd.,  Zurich  -  Switzerland 


Abstract 


The  ability  to  produce  a  unique  record  of  a  work  of  art  to  enable  an 
accurate  comparison  to  be  made  at  any  subsequent  time  is  important  in  the 
contexts  of  restoration,  examination,  identification,  insurance,  and  cata¬ 
loguing  of  works  of  art.  A  project  to  investigate  optical  techniques  for 
such  purposes  has  recently  been  completed  with  the  construction  and  evalua¬ 
tion  of  a  prototype  optical  comparator.  The  major  emphasis  has  been  placed 
upon  paintings  and  drawings,  but  the  examination  of  3-dimensional  works 
such  as  sculptures  is  also  possible.  A  straightforward  comparison  of  photo¬ 
graphs  of  object  and  original  proved  to  be  the  simplest  and  most  reliable 
technique,  with  the  advantage  that  it  is  applicable  to  almost  all  classes 
of  works  of  art. 

In  the  optical  comparator  which  has  been  constructed  two  photographic 
negatives  are  imaged  through  independent  optical  channels  onto  the  same 
image  plane  for  comparison  in  a  number  of  ways.  These  two  negatives  are 
photographs  of  the  original  and  the  object  to  be  examined,  taken  using  the 
comparator  as  a  camera  with  recorded  lens  position  and  illumination  con¬ 
figuration.  To  ensure  that  both  photographs  are  taken  of  the  same  aspect 
of  the  object,  the  comparator  is  used  in  a  mode  in  which  the  object  is 
imaged  live  via  one  channel  and  the  original  record  via  the  other  channel. 
Thus  simultaneous  viewing  of  object  and  record  enables  the  object  to  be 
correctly  oriented  before  taking  a  photograph.  Using  a  Polaroid  Camera  back 
positioned  at  the  image  plane  a  second  negative  is  then  taken  for  accurate 
comparison  with  the  original  record.  By  mounting  one  negative  on  a  manipu¬ 
lator  the  relative  position  and  rotation  of  the  two  images  may  be  adjusted 
for  superposition.  The  images  may  be  viewed  under  magnification,  and  a  com¬ 
parison  made  to  a  degree  of  accuracy  chosen  by  the  operator  and  consistent 
with  the  type  of  work  being  treated.  The  prototype  comparator  has  been  suc¬ 
cessfully  tested  using  a  variety  of  works  of  art.  At  present  all  records 
are  taken  using  black  and  white  film,  although  colour  filtering  techniques 
are  used  to  simplify  the  ultimate  comparisons. 
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The  optical  comparator  -  schematic  diagram 
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Fig. 
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Comparator  photograph  of  a  25  x  35  cm  oil  painting, 
together  with  data  stripe. 
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Fig. 
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Comparator  photograph  of  a  detail  of  the  painting  in 

Figure  2,  showing  only  the  central  crack  network. 
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Fig. 
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Split  field  photograph  of  detail  from  an  oil  painting. 
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Fig. 
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Aligned  and  misaligned  detail. 
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Fig. 
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Split  field  photograph  of  a  crack  network. 
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Fig. 
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Aligned  and  misaligned  crack  network. 
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Fig. 
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Opposite  sides  of  an  opal  glass. 
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Fig- 
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Comparison  of  enlarged  detail  from  Fig.  8. 
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Fig. 

10 

Two  similar  hand-carved  deer. 
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Fig. 

11 

Split  field  photograph  showing  differences  between  the  deer. 
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Fig. 

12 

Possible  camera  modification  for  photographing  objects 
in  situ. 
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1.  Introduction 

The  general  concept  of  making  a  unique  record  of  a  work  of  art  to  enable  its 
positive  identification  at  any  subsequent  time  is  one  which  appears  to  have  re- 
ceived  little  attention  in  the  past.  Such  records  would»  for  example,  oe  highly 
desirable  for  insurance  purposes  and  for  detailed  cataloguing  of  works  of  art, 
as  well  as  for  general  work  concerned  with  the  examination  and  restoration  of 
works  of  art.  This  report  describes  the  results  of  a  feasibility  study  of  the 
use  of  a  straightforward  optical  technique  for  the  production  of  such  a  record 
and  for  the  authentification  of  the  object  at  a  later  date.  The  term  "work  of 
art"  is  taken  to  cover  both  solid  objects  such  as  sculptures  and  glassware,  and 
essentially  two-dimensional  objects  such  as  paintings  and  drawings. 

Non-destructive  techniques  for  identification  are  necessarily  based  upon  a 
comparison  of  the  record  and  object  to  be  identified  either  in  general  topo¬ 
graphy,  outline,  or  detail  in  specific  areas.  Identification  can  therefore  be 
affected  by  any  change  in  these  parameters  between  making  the  original  record 
and  subsequent  identification  of  the  object.  Such  changes  can  arise  from  vari¬ 
ations  in  temperature  and  humidity,  and  an  effort  should  therefore  be  made  for 
all  recording  and  identification  to  be  carried  out  in  a  controlled  environment, 
and  to  allow  sufficient  time  for  the  object  to  adjust  to  this  environment.  Di¬ 
mensional  changes  resulting  from  handling  and  cleaning  cannot  be  avoided,  and 
their  importance  depends  upon  the  accuracy  to  which  the  record  and  object  are 
compared  and  must  be  considered  for  any  technique  employed. 

Section  2  contains  a  detailed  account  of  the  construction  of  an  optical 
comparator  which  is  designed  to  meet  the  requirements  for  identification.  Sections 
3  and  4  describe  how  this  comparator  may  be  used  in  the  identification  of  various 
types  of  works  of  art. 
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2.  Identification  Using  an  Optical  Comparator 
2.1  General  design  considerations 

The  optical  comparator  described  in  this  section  is  designed  to  provide  the 
two  basic  requirements  for  identification,  namely 

a)  a  means  of  comparing  photographs  of  the  original  and  the  object  to  be 
identified, 

b)  a  means  of  aligning  the  object  to  ensure  that  all  photographs  for  identi¬ 
fication  purposes  are  taken  from  an  identical  viewpoint. 

The  straight-forward  comparison  of  photographs  of  original  and  object  was  found 
to  be  the  simplest  and  most  reliable  of  the  identification  techniques  considered. 
Other  optical  techniques,  such  as  the  comparison  of  Fourier  transforms  or  the 
projection  of  linear  fringes  onto  the  object  to  give  a  contour-map  photograph, 
all  suffer  from  severe  object  alignment  problems  and  are  far  less  flexible  than 
the  approach  described  here. 

Flexibility  in  use  is  an  important  consideration  in  the  design  of  the  com¬ 
parator.  The  operator  must  be  able  to  allow  for  small,  identifiable  changes  in 
the  object  which  may  be  inevitable  over  a  period  of  time.  Examples  would  be 
small,  regular  dimensional  changes  and  the  appearance  of  new  cracks  in  paintings, 
and  perhaps  even  the  complete  removal  of  small  areas  of  paintings  and  solid  ob¬ 
jects.  Thus  a  highly  accurate  one-to-one  correspondence  over  the  whole  area  of 
photographs  of  object  and  original  is  not  required  for  practical  identification. 
What  is  required  is  the  existence  of  similarities  which  could  not  reasonably  be 
reproduced  by  copying  and  the  accurate  correspondence  of  certain  areas  which  may 
form  only  a  small  part  of  the  total  object. 


The  optical  comparator  which  has  been  designed  to  meet  these  requirements  is 
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shown  schematically  in  Figure  1.  Basically  it  consists  of  two  independent  optical 
channels  which  serve  to  image  the  photographic  negatives  with  unit  magnification 
onto  the  same  image  plane  for  comparison  in  a  number  of  ways.  Further,  by  re¬ 
moval  of  the  prism  in  channel  2,  any  object  may  be  imaged  onto  this  plane,  where 
it  may  be  viewed  simultaneously  with  a  negative  in  channel  1;  this  facility 
enables  the  orientation  of  the  object  to  be  adjusted  until  identical -wi th  that 
used  when  making  the  negative.  Since  the  image  is  reversed  in  channel  2  by  re¬ 
flection  at  the  pellicle,  the  negative  in  channel  1  must  be  inserted  back  to 
front.  Insertion  of  a  Polaroid  back  at  the  image  plane  enables  either  a  positive 
print  of  a  negative  transparency  to  be  taken. 

Thus  a  photographic  negative  constitutes  the  record  of  the  object.  Identi¬ 
fication  is  then  achieved  by  a  comparison  of  the  record  and  a  second  photogra¬ 
phic  negative  taken  of  the  object  under  the  same  conditions,  or  alternatively 
by  a  direct  comparison  of  record  and  object. 

2.2  Detailed  description 

The  individual  components  of  the  comparator  will  now  be  described  in  more 
detail,  with  general  reference  to  the  schematic  layout  shown  in  Fig.  1. 

a)  Photographic  negatives 

The  photographs  to  be  compared  are  intended  to  be  in  the  form  of  Polaroid 
black  and  white  negatives  (5x4  inch  pack  film,  type  55  P/N);  this  film  gives 
both  a  negative  transparency  for  use  in  the  comparator  and  a  positive  print  which 
is  useful  for  immediate  evaluation  of  the  photograph.  Since  the  records  must  be 
kept  for  a  considerable  period  of  time,  the  negatives  must  be  carefully  processed 
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in  a  clearing  and  a  hardening  bath  in  accordance  with  the  procedure  recommended 
by  Polaroid.  If  correctly  processed  and  stored  in  a  cool,  dry  environment  the 
negatives  should  stay  in  good  condition  for  periods  in  excess  of  30  years. 

For  use  in  the  comparator  each  negative  is  held  in  a  special  mount,  in 
which  the  negative  is  sandwiched  between  two  flat,  thin  glass  plates.  These 
mounts  then  slot  easily  into  the  comparator  at  the  correct  locations. 

b)  Manipulator 

The  negative  in  channel  1  is  mounted  on  a  manipulator  so  that  the  position 
of  its  image  may  be  adjusted  for  coincidence  with  the  image  of  the  negative  in 
channel  2.  The  manipulator  enables  horizontal  and  vertical  movements  of  the 
negative  through  about  2  cm  and  a  rotation  in  the  plane  of  the  negative  of  up 
to  15°  either  side  of  the  vertical  position.  The  negative  may  also  be  moved 
either  towards  or  away  from  the  lens  to  change  the  effective  magnification  of 
the  image  in  order  to  accommodate  a  small  difference  in  scale  between  negatives 
1  and  2.  If  such  an  adjustment  is  required  the  depth  of  focus  must  be  increased 
by  reducing  the  lens  aperture  in  order  to  maintain  a  sharp  image. 

The  four  micrometers  which  control  the  manipulator  movements  are  driven  by 
small  electric  motors,  so  that  the  manipulator  may  be  fully  operated  from  a  re¬ 
mote  control  box.  Course  or  fine  adjustment  is  possible  and  microswitches  auto¬ 
matically  cut  off  the  motors  at  the  extremes  of  each  movement.  The  manipulator 
is  normally  positioned  such  that  a  magnification  of  exactly  unity  is  achieved 
when  the  negative  is  as  close  to  the  lens  as  allowed  by  the  movement.  Thus  when 
comparing  negatives  of  slightly  different  scale,  the  larger  scale  negative  should 
always  be  inserted  in  channel  1. 


-  8  - 


c)  Masks 

The  purpose  of  the  sliding  masks  is  to  provide  a  split  field  facility  in 
which  a  portion  of  the  observed  field  is  derived  from  one  negative  and  the  re¬ 
mainder  of  the  field  from  the  other  negative.  Each  mask  ends  as  a  vertical  knife- 
edge  positioned  about  5  mm  from  the  negative  and  is  driven  horizontally  across 
the  negative  by  a  small  electric  motor  to  allow  remote  control.  In  addition  to 
coarse  and  fine  controls  for  positioning  the  masks,  a  separate  switch  can  be 
used  to  withdraw  a  mask  completely  to  enable  the  whole  negative  to  viewed. 

d)  Illumination 

Identical  illuminating  optics  are  used  for  each  channel.  The  light  source 
is  a  250  watt  projection  lamp,  and  the  negative  is  positioned  immediately  in 
front  of  the  condensing  lens  which  produces  a  converging  beam  of  light  coming 
to  a  focus  at  the  imaging  lens.  A  concave  mirror  positioned  behind  the  pro¬ 
jection  lamp  is  used  to  increase  the  illumination  efficiency.  The  lamp  is  cooled 
by  a  small  fan,  and  a  heat  filter  is  required  in  the  illuminating  beam. 

The  intensities  of  the  two  lamps  may  be  varied  independently  from  the  control 
box.  The  illumination  in  each  channel  may  be  interrupted  by  a  shutter,  and  the 
facility  exists  to  change  the  field  of  view  rapidly  from  one  negative  to  the 
other  by  using  a  single  switch  to  reverse  the  shutter  configuration.  Different 
colour  filters  may  be  inserted  in  each  channel  to  facilitate  comparison  of  the 
negatives . 

e)  Lenses 

The  two  lenses  used  to  image  the  negatives  are  identical  and  of  the  Symmar 
class  made  by  Schneider.  The  lens  in  channel  1  is  fixed  in  position  and  images 
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the  negative  with  a  magnification  of  exactly  unity.  The  position  of  the  lens 
in  channel  2  may  be  varied.  For  comparing  negatives  this  lens  is  also  positioned 
to  give  unit  magnification.  However,  for  imaging  an  object  when  making  a  photo¬ 
graphic  record  or  for  live  identification  the  prism  in  channel  2  is  removed  and 
the  lens  is  positioned  according  to  the  magnification  required.  For  objects  of 
dimensions  greater  than  about  25  cm  the  focal  length  of  the  lens  must  be  in¬ 
creased  either  by  unscrewing  the  front  section,  or  by  changing  to  the  other  lens 
provided.  The  two  lenses  for  channel  2  are  chosen  to  provide  all  required  values 
of  magnification.  The  lens  shutters  may  be  operated  from  the  front  of  the  com¬ 
parator  via  cable  releases.  Setting  the  shutters,  apertures  and  speed  has  to  be 
done  manually  before  taking  a  photograph. 

f )  Pellicle 

Light  from  the  two  channels  is  combined  near  the  image  plane  by  a  six  inch 
diameter  pellicle  (purchased  from  the  National  Photocolor  Corporation).  The 
pellicle  consists  of  a  thin  membrane  stretched  over  a  rigid  frame  and  has  a 
special  coating  to  give  40  %  transmission  and  40  %  reflection  over  the  visible 
spectrum.  The  pellicle  is  flat  to  a  few  wavelengths  over  the  central  80  %  of 
its  area,  and  as  the  thickness  is  only  8  yn\  the  reflections  from  the  front  and 
back  surface  are  effectively  superimposed  and  only  a  single  reflected  image  is 
observed. 

As  the  pellicle  is  difficult  to  clean  it  is  mounted  in  a  dust  tight  box  with 
thin  glass  windows  for  the  light  input  from  the  two  channels  and  output  to  the 
image  plane.  The  lenses  are  connected  to  this  box  by  flexible  bellows  and  the 
Polaroid  back  fits  on  directly,  so  that  the  whole  unit  effectively  forms  a  light¬ 
tight  camera. 
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g)  Image  plane 

The  images  may  be  viewed  at  the  image  plane  using  a  fresnel  lens  in  contact 
with  a  diffusing  screen.  For  viewing  the  images  under  magnification  the  lens- 
screen  combination  can  be  removed  and  a  binocular  viewing  system  moved  to  the 
image  plane.  The  magnification  can  be  varied  by  changing  the  binocular  eyepieces 
and  the  unit  is  mounted  to  allow  horizontal  and  vertical  movement  covering  the 
whole  image  plane. 

Any  image  displayed  at  the  image  plane  may  be  photographed  by  insertion  of  a 
Polaroid  back  which  can  be  used  with  Polaroid  4x5  inch  pack  films.  The  most 
useful  film  is  type  55  (positive/negative)  which  is  used  for  making  all  ne¬ 
gative  transparencies  and  also  for  taking  positive  prints  of  objects  or  nega¬ 
tives  when  required.  Types  57  (high  speed),  52,  51  (high  contrast)  and  58  (colour) 
pack  films  may  also  be  used  for  making  positive  prints  of  objects  or  recording 
the  image  plane  display  during  identification. 

h)  Objects  and  illumination 

Removal  of  the  prism  in  channel  2  enables  an  object  positioned  in  the  area 
indicated  in  Figure  6  to  be  imaged  with  suitable  magnification  onto  the  image 
plane.  For  paintings  and  solid  objects  positioned  close  to  the  lens,  illumination 
can  be  provided  either  by  two  concentric,  ring  fluorescent  tubes  on  a  vertical 
plate  with  a  central  hole  through  which  the  lens  views  the  object,  or  by  suitable 
oblique  illumination  positioned  to  one  side  of  the  lens.  The  positions  of  the 
lens  and  illumination  plate  and  the  object-lens  distance  may  be  adjusted  to  give 
the  required  magnification  at  the  image  plane.  For  objects  positioned  further 
from  the  lens,  illumination  is  provided  either  by  larger  fluorescent  tubes  or  by 
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flood-lamps  at  suitable  positions.  When  making  a  photographic  record  the  type 
and  angle  of  illumination  must  always  be  recorded.  A  mount  for  small  objects  is 
built  onto  the  comparator;  larger  objects  are  mounted  separately. 

i )  Alignment  laser 

A  small  alignment  laser  has  been  included  in  the  comparator  design.  Although 
not  an  essential  component,  the  laser  greatly  facilitates  alignment  of  the  optics 
both  during  the  initial  setting  up  and  also  at  any  subsequent  realignment  re¬ 
quired  after  cleaning.  Further,  the  laser  helps  positioning  of  objects  in  channel 
2  since  the  narrow  light  beam  represents  a  projection  of  the  optical  axis  in  space. 
A  suitable  laser  would  be  a  low  power  (0.5  mW)  Helium-Neon  laser. 

j)  Data  flash 

Information  about  the  object  under  investigation,  date  and  other  relevant 
parameters  is  imaged  by  the  lens  in  channel  1  onto  one  side  of  the  negative  by 
a  simple  system  incorporating  a  camera  flash  unit.  The  information  is  typed  onto 
a  card  which  slots  into  place  in  front  of  the  flash  gun  .  A  high  intensity  flash 
briefly  illuminates  the  card  by  transmission  and  the  data  is  projected  onto  the 
image  plane.  The  flash  may  be  synchronised  with  the  lens  shutter  opening  or  ope¬ 
rated  independently  by  switches  on  the  control  panel.  The  imaged  area  can  be  a 
section  of  a  larger  card  which  is  filed  with  the  photographic  record,  or  can  be 
a  separate  card  which  is  subsequently  thrown  away.  The  data  portion  of  a  negative 
is  not  projected  onto  the  image  plane  during  identification,  but  may  easily  be 
read  by  viewing  the  negative  over  an  illuminated  panel. 

k)  Control  panel 

The  manipulator,  lamps,  shutters  and  flash  unit  are  all  controlled  from  a 
single  unit  connected  to  the  comparator  by  a  flexible  multicore  cable. 
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1  )  Size 

For  stability  the  base  of  the  comparator  is  a  1  cm  thick  aluminum  plate 
about  120  x  75  cm  in  size  (4  x  2V2  ft).  The  maximum  height  is  about  40  cm 
(1V2  ft). 

3.  Paintings  and  Drawings 

3.1  Recording  the  original 

The  most  useful  photograph  of  a  painting  for  comparative  purposes  is  un¬ 
likely  to  be  that  which  would  be  chosen  to  illustrate  the  artistic  merit  of 
the  work.  For  most  paintings  and  drawings  it  is  much  easier  to  copy  the  general 
outlines  than  the  fine  detail,  so  that  the  latter  is  the  type  of  information 

§ 

which  should  be  recorded  on  the  photograph.  The  most  useful  record  will  there- 

•  • 

fore  be  a  photograph  of  an  area  of  dimensions  between  10  and  20  cm,  chosen  to 
give  a  detailed,  high  contrast  image  on  the  negative. 

Thus,  for  paintings  of  dimensions  up  to  about  20  cm  the  magnification  may 
be  chosen  such  that  the  whole  of  the  painting  is  recorded  on  the  negative;  for 
larger  paintings  only  part  of  the  total  area  would  normally  be  recorded.  Although 
these  figures  are  intended  only  as  a  rough  guide  and  may  be  varied  considerably 
for  different  paintings,  it  should  be  remembered  that  the  smaller  the  area  re¬ 
corded  the  more  important  dimensional  changes  in  the  canvas  and  paint  become.  An 
operator  using  the  comparator  rapidly  learns  to  recongnize  the  areas  of  a  painting 
which  are  potentially  most  useful  for  identification  and  to  estimate  the  optimum 
magnification  for  recording  these  areas. 

Figures  2  and  3  illustrate  these  points.  An  oil  painting  of  dimensions 
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25  x  35  cm  is  shown  in  Figure  2.  Identification,  as  described  in  section  3.2, 
using  negatives  of  this  photograph  was  found  to  be  a  rather  tedious  procedure 
because  of  the  lack  of  prominent,  high  contrast  detail  of  sufficient  size. 

Fig.  3  shows  the  central  area  of  the  painting  imaged  with  a  magnification  of 
about  0.5.  The  crack  is  very  prominent  and  identification  using  the  corres¬ 
ponding  negatives  was  rapid  and  easy. 

In  recording  drawings  and  manuscripts  more  importance  must  be  attached  to 
recording  the  finest  detail  since  it  is  relatively  much  easier  to  copy  these 
works  to  a  moderate  degree  of  accuracy.  Equally,  however,  the  inherent  sensi¬ 
tivity  of  the  identification  process  is  considerably  increased  for  drawings 
and  manuscripts,  firstly  because  a  sharp,  high  contrast  image  is  much  easier 
to  obtain,  and  secondly  because  the  dimensional  stability  of  these  works  should 
be  much  greater  than  that  for  oil  paintings.  There  will  also  be  other  works, 
paintings  in  water-colours  for  example,  which  fall  into  a  category  intermediate 
between  drawings  and  oil  paintings. 

Having  chosen  the  area  to  be  photographed,  the  other  important  consideration 
is  the  form  of  illumination  to  be  used.  Most  works  would  be  positioned  within 
about  50  cm  of  the  imaging  lens,  so  that  the  two  ring,  fluorescent  tubes  mounted 
concentrically  about  the  lens  axis  would  give  sufficient,  although  not  necessarily 
ideal,  illumination.  For  drawings,  manuscripts  and  some  paintings  this  ring 
illumination  is  both  adequate  and  convenient,  giving  an  uniform  diffuse  illumi¬ 
nation  approximately  normal  to  the  plane  of  the  work.  However,  many  oil  paintings 
are  best  photographed  using  oblique  illumination  to  show  up  the  cracks  and  relief 
of  the  painting  and  to  give  a  generally  higher  contrast  image.  In  all  cases  the 
approximate  angle  and  configuration  of  the  lighting  for  a  given  painting  must  be 
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Comparator  Photographs  of  an  Oil  Painting  for  Identification  Purposes. 


Fig.  2  Comparator  photograph  of  a  25  x  35  cm  oil  painting,  together  with 
data  stripe. 


Fig.  3  Comparator  photograph  of  a  detail  of  the  painting  in  Figure  2,  showing 
only  the  central  crack  network. 
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recorded. 

During  evaluation  of  the  comparator  it  was  not  found  necessary  to  use  any 
colour  filters  when  photographing  paintings.  However,  with  certain  paintings 
the  use  of  a  colour  filter  may  be  advisable  in  order  to  enhance  contrast  and 
detail  on  the  negative. 

The  format  of  the  record  to  be  filed  is  also  shown  in  Figure  2.  fhs  photo¬ 
graph  of  the  painting  occupies  a  square  of  side  9  cm  and  relevant  data  is  re-  * 

corded  to  one  side  of  this  using  the  system  described  in  section  2.2.  The  data 
recorded  is  not  intended  to  be  a  comprehensive  list  of  all  relevant  details  and 
parameters,  but  rather  essential  information  such  as  title,  artist,  and  date, 
and  a  reference  to  filed  data  elsewhere.  The  actual  record  would  be  the  negative 
of  the  photograph  shown. 

& 

The  production  of  the  original  record  from  a  painting  or  some  other  work 
may  thus  be  summarized  as  follows: 

(1)  The  illumination  and  area  to  be  photographed  are  selected  and  the  lens  in 
channel  2  (with  prism  removed)  is  positioned  according  to  the  magnification 
required. 

(2)  The  painting  is  mounted  normal  to  the  optical  axis  on  one  of  the  special 
mounts  available.  The  image  may  now  be  viewed  on  the  diffusing  screen  at 
the  image  plane,  and  adjustments  made  if  required. 

(3)  The  painting  is  photographed  through  lens  2  and  the  data  is  recorded 
through  lens  1  from  a  typed  card. 


16  - 


(4)  The  photograph  is  developed  and  if  the  positive  is  satisfactory  the  negative 
is  processed,  dried  and  filed. 

(5)  All  relevant  parameters  (lens  position,  illumination,  etc.)  are  noted  and 
filed  with  the  reference  number  on  the  negative. 

3.2  Identification 

The  first  stage  in  the  identification  procedure  is  the  repositioning  of 
the  painting,  illumination  and  lens  according  to  the  parameters  used  when  making 
the  original  record.  By  simultaneously  viewing  the  painting  through  channel  2 
(with  the  prism  removed)  and  the  record  through  channel  1,  the  magnification 
and  positioning  can  be  checked  and  adjusted  if  necessary.  At  this  stage  it 
should  be  possible  to  align  the  two  images  using  the  manipulator  controls,  and 
to  detect  any  mismatch  to  a  sensitivity  in  the  order  of  millimeters.  The  com¬ 
parison  at  this  point  is  limited  firstly  because  a  positive  painting  image  is 
being  compared  with  a  negative  record  image  and  secondly  because  the  intensity 
of  the  painting  image  is  necessarily  rather  low. 

For  a  more  accurate  comparison  the  image  of  the  painting  is  photographed  by 
insertion  of  the  Polaroid  back  at  the  image  plane.  After  processing  the  negative 
is  positioned  in  channel  2  with  the  prism  replaced,  so  that  this  negative  and  the 
original  negative  are  both  displayed  at  the  image  plane.  The  two  images  may  now 
be  accurately  compared  in  a  number  of  ways. 

Using  the  manipulator  controls  it  should  be  possible  to  align  the  two  images 
accurately  over  the  whole  field;  the  binocular  attachment  easily  enables  a  sen¬ 
sitivity  of  tenths  of  millimeters  to  be  achieved  if  required.  For  most  complex 
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paintings  alignment  to  the  degree  possible  using  the  : resnel  lens  /  diffusing 
screen  combination  (i.e.  a  sensitivity  of  better  than  1  mm)  would  normally  be 
sufficient.  For  drawings,  manuscripts  and  geometrically  simple  paintings,  use 
of  the  binocular  attachment  would  normally  be  required. 

Introduction  of  a  green  filter  in  one  channel  and  a  red  filter  in  the  other 
channel  often  facilitates  this  procedure.  Before  alignment  the  images  combine 
to  give  green,  red  and  orange  areas  randomly  distributed  over  the  field  of  view. 

On  alignment  a  single  sharp  image  is  observed  and  the  whole  field  becomes  a  uni¬ 
form  orange  colour. 

Alignment  is  also  facilitated  by  changing  the  field  of  view  rapidly  from 
one  negative  to  the  other  and  looking  for  movement  of  image  detail.  A  single 
switch  on  the  control  panel  performs  this  function. 

Identification  may  also  be  achieved  using  the  split-field  facility.  The  two 
images  must  first  be  aligned,  although  to  a  lesser  degree  of  accuracy  than  that 
required  above.  A  suitable  vertical  section  is  then  chosen  and  the  two  negative 
masks  advanced  until  they  meet  at  the  chosen  line.  The  field  of  view  now  consists 
of  negative  1  on  one  side  and  .negative  2  on  the  other  side,  and  using  the  fine 
controls  for  the  masks  a  sharp  dividing  line  can  be  obtained  with  no  overlapping 
of  images  or  masks.  The  manipulator  can  then  be  used  to  adjust  negative  1  until 
all  detail  on  the  imaged  negatives  is  aligned  and  continuous  across  the  dividing 
line. 

Examples  illustrating  the  identification  procedure  are  shown  in  Figure  4-7. 
In  all  cases  the  negatives  compared  are  totally  independent  photographs  of  the 
same  painting,  in  which  the  painting,  illumination  and  lens  have  all  been  moved 
and  repositioned  between  photographs.  Fig.  4  shows  a  split  field  photograph  of 
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a  detail  of  the  painting  in  Fig.  2;  the  two  halves  of  the  photograph  (i.e.  the 
original  record  and  the  negative  to  be  identified)  can  be  seen  to  line  up  accu¬ 
rately  along  the  common  edge.  Fig.  5  shows  a  photograph  of  the  same  negatives 
when  aligned  (i.e.  superimposed)  and  also  the  type  of  image  viewed  when  the 
negatives  are  not  properly  aligned.  Equivalent  photographs  for  identification 
using  the  crack  network  of  Fig.  3  are  shown  in  Fig.  6  and  7. 

The  problems  associated  with  copying  a  complex  drawing  or  painting  to  a 
degree  of  similarity  approaching  the  limit  of  detection  of  the  optical  compa¬ 
rator  would  be  enormous.  The  problem  of  accurately  reproducing  a  network  of 
cracks  or  fine  detail  in  an  oil  painting  would  in  itself  pose  an  insoluble  pro¬ 
blem.  Thus  provided  a  suitable  record  can  be  made  of  a  painting  or  drawing,  the 
comparator  should  prove  a  reliable  and  effective  tool  for  detecting  forgeries. 

One  possible  exception  which  should  be  mentioned  would  be  the  use  of  photo¬ 
graphic  techniques  in  copying  the  original.  This  can  virtually  be  ruled  out 
for  paintings,  but  is  a  possibility  for  drawings  and  manuscripts.  The  compa¬ 
rator  has,  however,  been  used  for  the  comparison  of  a  real  bank  note  and  a 
forged  note  (identical  to  an  untrained  eye)  produced  by  photo- techniques ,  and 
a  difference  was  immediately  obvious  in  the  resolution  and  quality  of  the  fine 
detail  on  the  notes. 

An  important  consideration,  especially  for  paintings,  is  the  stability  of 
the  work  after  the  original  record  has  been  made.  New  paintings  can  change  con¬ 
siderably  during  the  first  100  years,  and  even  older  paintings  can  undergo 
appreciable  dimensional  changes  if  ill-treated  or  not  kept  in  a  suitable  environ¬ 
ment.  Effects  may  be  minimized  by  always  recording  the  paintings  in  the  same 
conditions  of  temperature  and  humidity,  and  allowing  sufficient  time  for  adjust- 
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4.  Solid  Objects 
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can  play  an  portant  part  in  obtaining  a  suitable  negative.  Diffusely  reflec¬ 
ting  objects  made  from  metal,  wood,  stone  and  other  such  materials  should  pre- 
^  few  problems.  For  any  object,  various  orientations  and  types  of  illumina¬ 
tion  can  be  tried  and  photographed  to  determine  which  is  the  most  suitable  for 

identification  purposes. 

,„«  »„«  object,  which  could  be  treated  with  the  ccparatot  detctib.d 
„er.  would  he»,  di.ehtlout  of  a  few  oeoti«««.  Rtible  adaptation  to  treat 

s.,„,r  .Meets  «.old  i«,.l.e  using  a  ««1  «.h  1»  <»  Z 

,„d  special  object  ««„«  and  ,11-i»«».  «  the  other  ««-.  sine,  eel, 
part  of  an  object  need  he  photographed,  the  »ari.u.  »«  '“ited  odly  by 
the  ability  to  mmt  end  adjust  the  orientât!«,  end  position  of  tho  object  with- 

out  undue  difficulty. 

Thus  it  should  be  possible  to  make  a  suitable  record  of  most  solid  o  j 
although  there  may  be  cases  in  which  a  negative  of  satisfactory  contrast  and 

definition  cannot  be  obtained.  It  must  be  left  to  the  operator  to  decide  whether 

,  .  -¡f  necessary  to  make  two  negatives  for 

this  is  the  case  for  a  given  object,  and  if  neces  y 

immediate  comparison  to  determine  their  suitability. 

4.2  Identification 

The  illumination,  lens  position  and  approximate  object  position  must  first 
be  reset  using  the  parameters  recorded  when  making  the  original  record.  The  re 
cord  in  channel  1  and  the  live  object  in  channel  2  may  now  be  viewed  simulta- 
neously ,  enabling  the  orientation  of  the  object  to  be  adjusted  until  the  views 
seen  through  channels  1  and  2  are  identical.  This  step  in  the  identification 
procedure  is  far  more  important  for  solid  objects  than  for  paintings  where  it 
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is  only  required  that  the  plane  of  the  painting  is  approximately  normal  to  the 
optical  axis.  With  some  objects  the  comparison  of  a  positive  object  image  and 
a  negative  record  image  has  proved  difficult,  and  in  such  cases  the  record  may 
be  converted  to  a  positive  transparency  by  photographing  it  through  charnel  1. 

When  satisfied  that  the  orientation  and  positioning  of  the  object  are  correct« 
the  image  is  photographed;  the  processed  negative  is  then  positlt^ned.  in  channel 
2  for  comparison  with  the  original  record. 

With  certain  reservations,  section  3.2  is  again  relevant  to  the  comparison 
of  negatives  of  solid  objects.  If  only  a  small  area  of  detail  has  been  recorded 
then  the  comparison  is  identical  to  that  for  two-dimensional  objects  such  as 
paintings,  and  is  by  far  the  most  satisfactory  from  an  identification  stand¬ 
point.  The  comparison  of  relief  or  outline  as  reproduced  on  the  negatives  is  a 
more  difficult  procedure  and  one  which  is  strongly  dependent  upon  accurate  re¬ 
positioning  of  illumination  and  object  orientation  when  making  the  second  ne¬ 
gative. 

This  point  is  illustrated  by  the  comparison  of  the  opposite  faces  of  an 
opal  glass  (Figure  8).  If  the  hand-painted  flowers  were  absent  a  reliable  com¬ 
parison  would  be  extremely  difficult.  The  remaining  detail  on  each  face  is  of 
very  low  contrast  and  obviously  highly  dependent  upon  the  illumination;  the 
outline  is  equally  sensitive  to  the  orientation  of  the  glass.  However,  a  straight¬ 
forward  comparison  of  the  centre  hand-painted  flowers,  shown  enlarged  in  Figure  9, 
clearly  shows  considerable  differences.  With  the  exception  of  negatives  showing 
very  high  contrast  detail,  a  split  field  type  comparison  is  more  useful  here 
than  one  involving  superposition  of  the  two  images.  Fig.  11  shows  a  split  field 
photograph  of  the  two  hand-carved  deer  shown  in  Fig.  10.  With  the  upper  and 
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lower  outline  matched  at  the  split,  the  differences  show  up  as  a  mismatch  of 
intermediate  detail.  Clearly  the  differences  here  are  relatively  large,  but 
the  figure  illustrates  the  general  use  of  a  split  field  to  detect  mismatch  in 
two  negatives. 

in  same  instances  the  comparison  of  positive  images  was  found  preferable 
to  using  negative  images.  As  pointed  out  above,  this  is  readily  achieved  by 
photographing  each  negative  through  the  same  channel  with  unit  magnification, 
and  using  the  resulting  positive  transparencies. 

Of  the  materials  v/hich  would  normally  be  encountered,  wood  and  soft  metals 
are  probably  the  most  susceptible  to  dimensional  changes  resulting  from  wear 
and  ageing.  As  with  paintings,  the  operator  must  decide  whether  any  observed 
changes  could  reasonably  be  explained  by  these  effects.  Materials  such  as  glass, 
pottery  and  ceramics,  stone  and  hard  metals  could  be  expected  to  remain  relati¬ 
vely  stable  over  a  period  of  time. 

Providing  a  suitable  record  can  be  made,  the  difficulty  in  copying  a  sculp¬ 
ture  or  some  other  solid  object  to  a  degree  of  accuracy  which  would  be  accepted 
by  the  comparator  is  again  extreme.  Any  technique  involving  hand  carving  would 
not  reproduce  the  fine  detail  sufficiently  accurately  to  escape  detection.  For 
metal  objects  a  technique  involving  making  a  mould  from  the  original  and  re¬ 
casting  an  accurate  copy  might  be  a  possibility,  but  again  the  accurate  repro¬ 
duction  of  the  fine  detail  would  be  extremely  difficult.  Thus  the  overall  con¬ 
clusion  is  that  reliable  identification  of  solid  objects  is  possible  using  the 
comparator,  with  the  reservation  that,  as  with  paintings,  the  object  must  be 
compatible  with  the  production  of  a  suitable  negative  record. 
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Identification  of  Solid  Objects. 


Fig.  10  Two  similar  hand-carved  deer. 


Fig.  11  Split  field  photograph  showing  differences  between  the  deer. 


4 . 3  Objects  in  situ 

The  optical  comparator  described  in  section  2  is  not  designed  to  be  portable; 

Ts  intended  that  the  works  of  art  are  brought  to  the  comparator  for  recording 
and  for  identification.  However,  it  is  conceivable  that  the  need  may  arise  to 
treat  some  objects  in  situ,  either  because  they  are  too  large  or  too  heavy  to  be 
easily  transported,  or  because  of  problems  arising  from  transportation  of  valuable 
works.  This  section  deals  briefly  with  a  possible  means  of  treating  such  objects. 

The  main  requirement  is  a  means  of  ensuring  that  photographs  taken  for  identi¬ 
fication  purposes  record  the  same  area  and  orientation  of  an  object  as  that  chosen 
when  making  the  original  record.  A  modified  press  camera  could  provide  a  simpler 
and  cheaper  means  of  achieving  this  than  any  attempt  to  reduce  the  whole  compa¬ 
rator  to  a  portable  unit. 

Figure  12  shows  schematically  a  possible  camera  modification  based  upon  the 
image  combining  principle  of  the  comparator.  The  object  is  imaged  by  lens  1  onto 
the  film  through  a  50  %  transmitting  mirror  which  also  reflects  an  image  onto  the 
viewing  screen  (fresnel  lens  and  diffusing  screen  combination).  The  original  re¬ 
cord  is  mounted  in  a  simple  x,y  movement  in  its  own  plane,  illuminated  through  a 
diffuser,  and  imaged  with  unit  magnification  onto  the  viewing  screen  by  lens  2. 
When  photographing  the  object,  the  record  negative  and  the  diffusing  screen  must 
be  masked  off.  The  procedure  for  making  the  original  record  and  the  first  stage 
in  identification  is  then  completely  analogous  to  that  using  the  comparator ,  and 
the  two  negatives  would  subsequently  be  accurately  compared  using  the  comparator 
itself.  Either  35  mm  film  or  Polaroid  film  could  be  used  -  the  35  mm  system  would 
enable  a  much  more  compact  film  holder  to  be  used,  but  would  require  enlargement 
for  use  in  the  comparator  and  would  not  allow  the  rapid  assessment  of  photographs 
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which  is  possible  with  the  Polaroid  system.  Stable  positioning  could  be  achieved 
using  some  form  of  tripod  mount.  Other  considerations  for  taking  negatives  for 
the  original  record  and  for  identification  are  as  described  for  the  comparator. 
Parameters  such  as  lens  setting»  illumination  configuration  and  possibly  the 
lens-object  distance  must  be  recorded.  The  unit  simply  provides  a  means  of  se¬ 
parating  the  photographic  and  comparative  functions  of  the  comparator  in  order 
to  reduce  the  size  of  the  component  which  must  be  portable. 


5.  Conclusion 


The  optical  comparator  described  in  section  2  can  be  used  to  treat  most 
classes  of  works  of  art  which  are  likely  to  be  encountered.  The  sensitivity 
is  certainly  adequate  for  reliable  identification,  and  the  extreme  difficulty 
of  making  a  dimensionally  accurate  copy  of  most  works  means  that  the  possibi¬ 
lity  of  accepting  a  forgery  is  very  low.  Instances  in  which  a  deliberate  copy 
of  a  work  has  been  sufficiently  similar  to  prevent  distinction  at  even  a  casual 
glance  of  the  original  and  the  copy  together  are  extremely  rare,  if  not  unknown. 
Thus  positive  identification  can  reasonably  be  accepted  as  final;  on  the  other 
hand  rejection  should  not  immediately  be  taken  as  definite  proof  of  a  forgery, 
but  should  be  carefully  considered  in  the  light  of  the  differences  between  re¬ 
cord  and  object,  intermediate  treatment  of  the  work,  and  any  other  information 
available. 

The  flexibility  in  use  of  the  comparator  is  achieved  by  placing  more  emphasis 
on  the  role  of  the  operator.  Firstly,  he  must  decide  which  particular  aspect  of 
a  given  work  should  be  recorded  and  in  certain  difficult  cases,  mainly  with  solid 
objects,  whether  or  not  a  suitable  record  can  in  fact  be  made.  Secondly,  in  the 
identification  stage  he  must  be  able,  if  necessary,  to  differentiate  between 
changes  resulting  from  ageing  and  wear  of  a  genuine  work  and  those  which  would 
arise  from  a  forgery.  In  general  this  should  not  present  any  difficulty  to  an 
operator  with  some  experience  of  the  comparator  and  its  use.  If  required,  per¬ 
manent  evidence  of  identification  or  rejection  can  be  obtained  in  the  form  of  a 
photograph  showing  some  comparison  of  the  work  and  the  original  record. 

The  optical  comparator  is  thus  considered  to  be  a  satisfactory  instrument 
for  the  recording  and  identification  of  works  of  art.  Ideally  it  is  most  suited 


for  application  to  works  such  as  paintings  and  drawings,  but  its  application 
can  also  be  satisfactori ly  extended  to  most  solid  objects.  The  prototype  com¬ 
parator  which  has  been  constructed  and  described  in  this  report  can  be  used 
as  the  basis  for  the  design  and  construction  of  any  further  units  which  may 
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SOME  PROBLEMS  OF  ELABORATION 


OF  MUSEUM  DOCUMENTATION  FOR  INFORMATION  SERVICE 


This  report  tries  to  elucidate  some  principles  which  in  the 
author’s  opinion  must  be  assumed  as  a  base  for  the  creation  of 
a  museum  information  system.  The  author  dwells  on  an  analysis 
of  a  subject  index  demonstrating  its  possibilities  but  prefers 
the  system  of  a  feature  cards  index  system  as  one  that  most 
fully  meets  demands  of  a  now-a-day  museum  work.  This  report 
stresses  a  necessity  of  creating  a  national  scale  standard  for 
a  museum  index  that  can  be  considered  as  a  step  towards  the 
creation  of  an  international  museum  index. 

As  the  art  museums  grow  and  the  quantity  of  their  objects  en¬ 
larges  the  difficulty  in  obtaining  of  the  information  on  each 
particular  question  in  which  an  investigator  is  interested  in¬ 
creases  as  well.  The  necessity  of  an  efficient  method  of 
obtaining  such  information  can  hardly  be  overstressed  if  a 
museum  is  to  serve  its  functions  not  only  in  collecting  and 
storing  of  works  of  art.  Museum  claiming  to  be  a  scientific 
institution  can  neither  develop  itself  nor  give  any  help  to 
others.  Therefore  the  problem  of  the  creation  of  documentation 
that  would  be  effective  in  museum  conditions  for  a.  long  time 


preoccupied  progressive-minded  museum  specialists  0 ) 
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[’he  oldest  method  for  the  systematisation  of  data  about  museum 
objects  is  the  compilation  of  various  subject-car Is  that  is  líU 
classification  cf  items  according  to  those  or  other  character¬ 
istics.  But  in  the  majority  of  countries  there  was  never  a 
common  principle  of  such  systematization» 

During  the  last  30-40  years  some  improvements  of  this  traditional 
system  were  suggested. 

In  1935  special  committee  that  was  appointed  by  the  American 
Museums  Association  worked  out  a  standard  for  the  description 
of  paintings  in  American  museums  ) . 

Then  in  1936  after  a  prolonged  discussion  the  International 
Commission  of  Painting  Experts  accepted  a  suggestion  on  the 
description  of  works  of  .art (3). 

For  the  pictures  of  the  Louvre  collection  detailed  dossiers 
were  established  in  1936.  The  cards  of  different  colours  and 
provided  with  a  photograph  contain  "absolutely  all  informât ion 
that  can  be  collected"  about  a  pictured). 

In  1964  the  Documentation  Centre  of  ICOM  submitted  its  report 
devoted  to  the  study  of  normalization  of  museum  catalogues  that- 
stressed  the  necessity  of  immediate  beginning  of  the  compiling 
of  technical  dossiers  (5). 

A  year  later  the  President  of  the  Museum  Association,  Mr.  Norman 
Cook,  wrote  in  connection  with  a  publication  of  a  concise 
commentary  to  the  above  mentioned  report:  "I  would  like  to  see 
ICOM  examine  new  ideas,  such  as  the  potential  uses  of  computers 
for  the  cataloguing  of  collections...  There  is  no  doubt  in  my 
mind  that  museuns  could  use  computers  in  some  way,  but  since 
few  of  us  are  trained  in  the  science  of  cybernetics,  what  is 
needed  is  a  working  party,  at  a  high  level,  to  explore  this 
new  field  for  us  and  I  would  suggest  that  some  central  body 
such  as  ICOM  coule  well  sponsor  such  a  study" (6'. 
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VU  that  vas  lone  up  to  date  vas  summed  up  in  a  special  issue 
:f  ’’Museum"  (  7  ) . 

kf ter  all  at  the  meeting  of  the  ICOM  Committee  for  Conservation 
(Amsterdam,  September  1969)  a  working  party  for  documentation 
¿ans  established»  Based  on  the  program  that  will  be  set  forth 
belov,  this  party  must  submit  its  suggestions  on  the  matter  to 
a  recourent  meeting  of  the  Committee. 

rhe  party  includes  tvo  coordinators:  H.  Barker  (U.K.,  the  British 
Museum)  and  Yu.  Grenberg  (USSR,  V7CNILKR)  (8).  The  responsibility 
bf  the  former  is  to  vork  out  the  suggestion  for  documentation 
principles  to  use  in  archaeological  museums (9),  that  of  the 
latter  to  suggest  such  principles  for  easel  painting. 

Demands  to  be  met  by  documentation  of  a  now-a-days  museum  were 
formulated  in  the  working  program  of  the  Committee  as  follows: 

1  .  To  lay  down  standards  for  documentation. 

2.  To  investigate  and  recommend  a  simple  and  economically  suitable 
method  for  small  as  well  as  large  museums  .and  galleries. 

3.  To  investigate  and  recommend  methods  by  which  these  systems 
can  be  integrated  into  larger  national  and  international 
systems. 

Proceeding  from  this  program  the  author  of  this  report  first  of 
all  wanted  to  examine  some  information  retrieval  system  that  was 
the  most  acceptable  from  his  point  of  view  for  museum  use  and  to 
suggest  his  opinion  about  the  ways  and  methods  of  their  introd¬ 
uction  into  art  museums. 

1  .  Some  general  observations  on  the  information  system. 

At  present  it  becomes  more  and  more  evident  that  ways  to  the 
most  efficient  receiving  of  information  are  first  of  all  the 
creation  of  a  national  standard  for  all  fixed  museum  collec¬ 
tions  ( 1 °' 1 1  ) .  The  elaboration  of  such  standard  (classification 
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)£  characters)  is  to  be  the  first  step  to  the  creation  of  a 
rational  museum  index.  Hence  it  is  logical  to  examine  a 
problem  of  storing  and  distribution  of  information  that  is  to 
fchoose  one  or  another  information  system. 

wow-a-day  a  great  number  of  different  systems  have  been  worked 
mt  and  function  and  one  must  choose  among  them  the  one  that 
is  most  acceptable  co  the  museum  specificity. 

Fhe  information  systems  are  not  an  absolute  innovation.  Cond¬ 
itions  in  which  human  activities  (including  a  museum  work)  run 
always  called  for  collecting ,  storing ,  retrieval  and  distribut¬ 
ing  of  information.  The  traditional  information  systems  include 
the  most  widely  used  subject  index  when  all  considered  charact¬ 
eristics  that  .are  necessary  for  information  storing  are  recorded 
en  one  card  (similar  to  that  in  a  catalogue).  This  kind  of 
systematization  is  quite  acceptable  but  the  retrieval  of  inform¬ 
ation  on  the  particular  item  is  rather  time-consuming.  Let  us 
suppose  that  to  examine  or  to  organize  an  exhibition  one  must 
find  out  in  the  large  museum  collection  all  objects  of  a  certain 
genre  or  painted  on  a  definite  subject.  To  do  this  one  must  * 

Look  through  bulky  catalogues  of  these  collections  and  card¬ 
files  containing  some  thousands  of  cards.  The  same  problem 
mises  when  one  needs  to  obtain  an  answer  on  any  technological 
mes t ion „  For  instance  to  reveal  what  pictures  from  the  museum 
collection  are  painted  on  metal  panels  it  is  necessary  to  look 
through  all  the  catalogues  or  all  card-files  (if  they  contain 
buch  information)  to  be  sure  that  a  single  picture  is  not  missed. 

In  other  words  if  the  answer  to  any,  even  the  most  simple, 
question  concerning  a  large  museum  collection  is  possible  then 
it  takes  a  lot  of  time.  At  the  same  time  there  are  scores  of 
questions  urgent  for  a  museum  daily  practice  or  for  the  co- 
aperative  institutions  to  be  quickly  and  rather  fully  answered, 
heedless  to  say  that  as  the  matter  becomes  much  more  complex  an 
answer  to  it  will  entail  such  great  difficulties  that  it  verges 
pn  the  impossible  to  obtain  it.  Using  a  card-index  one  must 
nake  scores  and  hundreds  of  cards  answering  any  possible  quest ion e 
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>w  can  the  matter  be  settled? 

Lere  is  another  type  of  information  system  based  not  on  a  subject- 
ndex  but  on  a  feature  index.  In  such  a  system  each  card  is  a 
Bcord  of  certain  features,  that  is  all  objects  to  have  such  a 
feature  are  fixed  on  the  same  card. 

a  these  conditions  the  retrieved  and  distribution  of  information 
re  quite  simpler  one  must  only  pull  out  from  a  card-file  the 
ard  that  characterizes  a  certain  feature  of  the  object.  The 
reation  of  such  a  card-file  enables  one  to  disintegrate  any  of 
omplex  matters  into  the  components ,  each  of  which  would  be 
ecorded  on  a  separate  card  and  after  choosing  needed  cards  one 
ould  sum  up  their  data  and  give  a  proper  answer. 

ow  is  it  handled  in  practice? 

t  present  the  cybernetics  offer  different  levels  of  mechanization 
or  the  information-retrieval  processes  from  electronic-logic 
achines  to  manual  handled  punch  cards.  Unf ortunately  these 

ossibilities  either  are  not  used  at  all  or  are  used  on  an  ^ 

xtremely  limited  scale.  As  a  rule  the  majority  of  museum 
orkers  does  not  known  about  up  to  date  techniques  and  methods 
or  the  treatment  of  information.  At  the  same  time  it  must  be 
oted  that  obtainal  of  information  is  limited  not  only  with 
ndividual  needs  of  separate  investigators  but  it  chantes  from 
t  personal  problem  into  a  social  one  connected  with  proper 
functioning  of  state  collections  that  is  their  storing,  catal¬ 
oguing,  restoration  and  whole  complex  of  researches  in  the  field 
>f  art  history,  including  attribution  and  scientific  examination. 

’here  are  some  aspects  that  must  be  necessarily  taken  into  cons— 

.deration  when  one  chooses  one  or  another  information  system, 
information  systems  strongly  differ  one  from  another  not  only 
.n  methods  of  storing  and  retrieval  of  information  but  for 
Instance,  in  quantity  of  collected  information,  degree  of  distr- 
. but ion  speed  and  other  characteristics.  However,  in  any  case 
:o  fulfil  the  functions  of  collecting,  storing,  handling  and 
Listribution  of  information  any  system  must  carry  out  several 
jperations . 
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rst  of  all  it  is  necessary  to  select  the  stuff  to  be  taken  for 
bring,  that  is  features  or  properties  of  works  of  art.  For 
is  aim  all  information  which  can  be  received  or  which  is  worth 
ing  collected  must  be  strictly  analyzed  to  evaluate  its  content, 
'ery  work  of  art  including  a  picture  can  be  presented  as  a 
jrtain  number  of  objective  features  to  use  which  one  can  describe 
concrete  object.  The  evident  idea  of  feature  may  be  reduced  to 
(e  following:  an  objective  feature  is  a  certain  qualitative  prep¬ 
py  of  an  object,  which  is  fixed  as  single-valued  and  unchangable. 

Ich  fact  which  comes  into  storing  must  be  therefore  treated  in 
[ch  a  way  that  it  can  be  used  in  the  future,  that  is  that  it  can 
:  easily  retrieved  between  others.  This  is  called  the  creation 
retrieval  image. 

le  documents  and  retrieval  images  -are  recorded  on  established 
lformation  system  vehicles  (i.e.  on  cards),  that  is  the  formation 
id  the  record  of  information. 

le  information  storing  together  with  its  retrieval  images  is  the 
»  the  next  stage,. 

11  these  processes  result  in  a  certain  information  stock  whose 
im  is  to  supply  a  user. 

ne  final  stage  is  treatment  of  inquiries ,  that  is  reducing  them 
b  form  used  in  a  given  information  system  and  distribution  of 
if  ormation. 

neation  of  any  information  system,  its  introduction  and  exploit- 
tion  are  connected  with  expenditures  of  material  values  and 
cilled  labour.  Therefore  before  choosing  one  or  another  system 
t  is  necessary  to  outline  the  range  of  problems,  to  determine 
Laments  of  the  information  process  and  its  quantitative  and 
ualitative  conditions.  Studying  problems  which  must  be  decided 
ith  this  information  system  one  must  remember  that  such  a  system 
s  a  part  of  the  information  service  and  thus  its  introduction 
use  be  proved  in  its  use,  output,  and  economy.  In  ether  words 
he  system  must  meet  the  aims  of  its  introduction. 


he  sphere  of  application  of  a  system  first  of  all  is  determine'1 
y  its  users,  hence  the  creation  of  the  system  is  impossible 
athout  knowledge  of  their  interests  or  without  practical  study 
f  the  range  of  the  problems  that  they  decide,.  Since,  as  the 
ystem  will  be  exploited  the  sphere  of  its  use  win  be  changed,, 
ne  must  take  into  consideration  changing  of  information  users c 
t  is  inevitable  since  users  will  gradually  accustom  themselves 
o  the  system  and  begin  to  forget  traditional  methods  of  inform  • 
tion  handling.  Even  the  fact  of  introduction  (if  the  system  is 
fficient)  inevitably  affects  users  c-n  the  staff.  Besides  this 
t  is  impossible  to  take  into  account  all  individual  needs 
though  one  can  meet  them  very  closely),  A  content  of  retrieval 
an  (and  will  be)  changed  due  to  the  level  of  science.  For 
nstance,  up  to  recent  times  presence  of  white  lead  indicated 
othing  to  the  examinator  of  a  given  picture.  Since  this 
igment  is  used  in  painting  from  the  hoary  antiquity  up  to  our 
ays  and  is  present  almost  in  every  piece  of  old  painting  it 
as  no  meaning  to  make  a  card  with  a  feature  of  "picture  conta¬ 
ining  white  lead":  But  the  modern  physico-chemical  methods 
f  examination  made  it  possible  to  obtain  more  detailed  charact¬ 
eristics  of  this  pigment r  its  composition  and  structure.  These 
satures  (for  instance  proportion  of  copper  and  silver  impurities ‘ 
How  to  make  conclusion  about  the  time  and  place  of  pigment 
pnufacturing  that  is  to  help  for  aims  of  art  history.  Thus  it 
ppears  a  necessity  in  a  card  recording  pictures  containing 
pite  lead  with  that  or  other  properties.  As  to  the  productiva'-' 
f  a  system  it  is  determined  by  a  xcasonable  proportion  of  eccn- 
nical  and  technical  possibilities  of  users  needs,, 

system  used  for  museum  information  has  no  additional  speed  of 
aeration.  Probably  in  the  near  future  it  will  be  unprofitable 
?  introduce  an  automatic  or  even  mechanised  system, 

lat  is  to  be  made  for  to  find  out  necessary  inf orma.tion? 


le  efficiency  of  a  retrieval  is  determined  firs  t  of  all  by  a 
lantity  of  items  among  which  the  one  that  is  searched  for  (to 
r/eal  all  the  needed  items  iii  a  small  museum  is  easier  than  in 
large  one)c  Besides  this,  it  is  useless  to  search  for  an 
:em  where  it  obviously  does  not  exist  (for  instance  it  is  useless 


[o  search  for  white  zinc  among  the  pictures  of  the  XVI  century) . 
thus  the  first  stage  of  retrieval  reduces  to  elimination  of  an. 
Items  that  cannot  be  sought  for.  Let  us  try  to  mark  all  the 
items  and  to  exclude  from  our  retrieval  those  that  have  corresp¬ 
onding  marks.  For  "marks"  one  uses  certain  features  and  prop¬ 
erties  of  pictures.  For  instance  a  portrait,  a  female  portrait- 
a  twin  portrait,  the  French  scnool,  XVIII  century,  a  canvas,  a 
panel,  a  painting  on  copper  and  so  on,  all  these  are  "marks"  o: 
"features"  for  the  retrieval  of  information.  Hence  if  a3.1 
paintings  are  divided  according  to  their  features  into  genres 
at  a  level  of  "portraits",  one  must  exclude  all  cards  >-hat  are 
marked  differently,  if  classification  is  driven  into  "female 
portraits"  one  must  retain  only  the  cards  with  this  f ea Litre ^ 
and  so  on.  Recording  of  features  (though  they  are  very  di^ ex 
ent)  creates  a  basis  of  retrieval  or  rather,  a  basis  of  an 
information  system  that  gives  a  prompt  and  possibly  complétée 
answer  free  of  an  inf ormational  noise (  +  ). 

Thus  the  first  step  that  makes  a  retrieval  possible  is  reducing 
the  items  among  which  there  is  the  one  sought  for  (excluding, 
of  course,  those  that  are  absolutely  impossible). 

The  next  step  is  to  search  among  the  remaining  items,  if  there 
are  not  many  of  them.  It  is  easier  to  find  a  portrait  of  two 
women  among  the  group  of  "portraits"  and  still  easier  among 
"female  portraits"  or  "double  portraits"  (the  last  two  cases 
will  be  charac terized  with  a  superf luous  information,  the  first 
of  single  female  portraits,  and  the  second  of  male  pairs,  the 
portraits  of  a  man  and  a  woman  and  other). 


(+)ln  information  theory  noise  is  superfluous  information. 
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Punched  Cards 

hat  can  be  suggested  for  solution  of  the  problem  of  creating  of 
rofi table  and  practically  available  for  any  museum,  restoratio. 
orkshop  and  research  laboratory  information  system?  An  answer 
s  given  in  the  title  of  this  section  and  at  present  there  is  no 
ther.  This  is  punched  cards (9-1 4). 

echnically  the  information  system  ought  to  be  realized  in  a 
lass  of  hand  operated  systems  whose  technical  part  only  stores 
nformation  on  punched  cards  while  all  processes  of  system 
unctioning  are  performed  by  hand0  5). 


Edge  punched  cards 

’he  two  information  systems  examined  above,  item  index  and  feat*-  e 
ndex,  are  corresponded  with  two  types  of  punched  cards. 

[n  every  catalogue  that  used  punched  cards  the  holes  in  a  card 
ire  nothing  but  a  coded  description  of  a  museum  object  or  it 
reatures.  In  the  same  time  each  hole  is  equally  accessible, 

:hat  is  any  feature  of  the  item  can  be  easily  detected. 

Phe  item  index  is  corresponded  to  edge  punched  cards.  They  are 
standard  size  rectangular  cards  of  dense  paper  surrounded  with 
Dne  or  two  rows  of  holes . 

Having  numbered  all  outward  holes  of  a  punched  card  one  labeles 
„ith  the  same  numbers  the  different  features  of  a  work  of  are. 
rhus  each  position  of  the  feature  index  corresponds  with  one 
lefinite  hole  on  a  punched  card  and  each  hole  corresponds  to  or.c. 
lefinite  position  in  the  indes  (Fig.  l). 

If  there  are  not  many  features  that  must  be  searched  for  they  can 
be  recorded  on  a  card  itself  without  any  coding,  that  makes  opex  • 
ating  considerably  easier  but  limits  the  scope  of  storing  inf  o?. 
ation  (Fig.  2,3). 
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3  we  discuss  an  item-index  each  punched  card  represents  features 
p  only  one  certain  item.  Therefore  general  data  on  a  given  rat. 
f  art  that  are  not  the  aim  of  retrieval  are  to  be  recorded  on  a 
brresponding  punched  card  in  the  usual  uncoded  way» 

■ 

or  instance:  name  ;f  painter, 

title  of  the  work  of  art, 

date , 

location  of  the  work  of  art, 

other  information  of  uncoded  record  that  must  not 
be  searched  +  )• 

s  the  thickness  of  a  punched  card  has  no  importance  it  can  be 
rovided  with  a  glued  photo  of  the  corresponding  Work  of  art. 

11  other  data  is  coded  according  to  an  accepted  code. 

Fhen  the  code  is  made  the  peculiarities  of  each  work  of  .art  are 
fixed  by  means  of  notching  outward  a  corresponding  hole.  Let  us 
issume  that  linen  support  is  coded  with  number  2,  a  glue  ground 
'gesso)  with  number  4,  oil  medium  with  9,  ochre  with  12,  relining 
rith  14,  and  strengthening  of  ground  with  16.  Then  to  record  for 
.ns tance  that  a  given  portrait  is  painted  on  canvas  with  gesso  in 
>il  and  that  there  is  ochre  in  the  complex  of  pigments  one  must 
'unch  outward  the  holes  2,4,  9  and  12  to  record  information  on 
i  restoration  that  is  a  relining  and  strengthening  of  the  ground 
:he  holes  14  and  16  are  notched  out. 


h)  If  any  of  the  listed  features  can  be  searched  (for  instance 
subject,  date,  artist,  and  sc  on)  all  of  them  are  to  be  coded 
on  common  ground. 


Using  such  a  system  one  makes  as  many  caris  as  paintings  that 
he  wants  to  include  in  a  given  information  system  +  ).  Let  us 
suggest  that  in  a  system  that  contains  not  only  technical  and 
restorational  data  but  also  information  on  subjects  anl  dates 
it  is  necessary  to  find  out  the  portraits  of  men  painted  in 
the  first  quarter  of  the  XVIII  century.  Let  us  assume  that 
according  to  accepted  code  mentioned  features  correspond  to 
holes  30  and  48. 

To  find  out  the  portrait  with  these  features  one  talcos  a  sorting 
needle  (a  thin  steel  rod  with  a  handle)  and  puts  it  into  a  level¬ 
ed  pack  of  cards  in  hole  30.  It  is  evident  that  all  cards  whose 
hole  30  was  notched  outward  would  fall  out  of  the  pack  and  we 
shall  have  all  male  portraits.  Having  gathered  these  cards  and 
leveled  them  again,  we  must  put  the  needle  into  the  hie  number 
48.  The  cards  that  would  fall  out  of  the  pack  at  this  time  are 
all  the  male  portraits  painted  in  the  first  quarter  ;f  the  XVTII 
century.  Let  us  assume  that  then  we  wish  to  know  which  of  them 
are  painted  on  fine  linen  canvas  with  oil  ground.  Operating  in 
a  similar  manner  we  select  among  all  the  male  portraits  of  the 
first  quarter  of  the  XVIII  century  only  those  which  have  the 
pointed  features.  If  not  only  one  sorting  needle  but  several  of 

of  them  are  used  they  can  be  put  into  all  needed  holes  situated 
an  one  side  of  cards  simultaneously.  Thus  a  number  of  retrieval 
operations  will  be  reduced,  information  noises  will  be  eliminated 
(or  lessened)  and  hence  the  necessary  information  will  be  obtain¬ 
ed  more  quickly. 

Using  such  a  system  and  searching  for  one  feature  only  one  can 
treat  manually  up  to  500  punched  cards  and  if  several  features 
are  searched  for  simultaneously  it  takes  3-4  minutes,  that  is 


+  )The  order  of  cards  in  a  card  pack  has  no  importance.  Cards 
have  no  fixed  location  in  an  item  index  that  excludes  their 
losses  with  disarrangement  and  makes  arranging  needless. 
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during  this  time  the  information  in  which  we  are  interested  can 
be  practically  obtained  on  any  picture  from  the  collection  of  a 
large  museum. 

One  can  see  that  this  system  is  the  best  for  the  museum  catal¬ 
oguing:  it  is  simple,  not  expensive,  can  be  easily  uniformed  and 
available  both  for  a  small  museum  and  for  a  large  one.  But  it 
has  one  considerable  shortcoming,  that  is  that  punched  cards 
which  are  filled  on  a  base  of  an  item-index  have  an  information 
scope  limited  with  a  number  of  holes  punched  in  them  +  ).  For 
instance  the  subject.  A  retrieval  system  can  be  limited  with 
a  list  of  genres:  portrait,  still  life,  historical  painting, 
landscape  and  so  on.  But  one  can  accept  a  more  detailed  division 
If  on  the  inquiry  about  a  double  female  portrait  a  system  pres¬ 
ents  information  about  all  portraits  in  general,  though  it 
facilitates  a  retrieval  it  gives  a  lot  of  superfluous  data. 
Therefore  it  is  expedient  not  only  to  code  subjects  but  to 
detail  such  coding. 

For  ins t. anee  "portrait"  may  be  subdivided: 
male, 
female , 
of  children, 
double, 
of  a  group. 


+)scope  of  information  fixed  on  edge-punched  cards  can  be  consid¬ 
erably  enlarged  if  described  system  of  direct  coding  in  which 
each  fea.  ture  is  corresponded  to  a  certain  hole  would  be  subs  tit— 
-^■£0(3.  with  a  system  of  complex  coding.  With  complex  coding  a 
c with  30  holes  can  be  used  not  for  30  numbers  out  for  any 
three  digit  number  and  with  a  code  1 ,  2,  4,  7  (see  Fig. la)  on 
a  card  with  double  line  punching  one  can  record  any  three  digit 
number  using  only  12  couples  of  holes.  There  are  also  other 
kinds  of  coding.  One  must  however  take  into  account  that  the 
simplier  a  key  is  the  less  mistakes  to  be  made  when  the  cards 
are  punched  and  sorted. 
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The  same  can  be  said  of  the  chronology  too.  Coding  can  include 
Lnly  the  century  of  a  painting's  origin  or  divide  each  century 
into  parts,  into  quarters  for  instance.  The  same  equally  applies 
ta  technological  and  restorational  features.  Therefore,  despite 
the  fact  that  edge-punched  cards  have  a  very  important  advantage 
to  be  recommended  for  museum  use,  they  are  rather  a  means  for  an 
individual  museum  research  (that  is  when  an  investigator  deals 
with  not  too  many  features)  than  for  a  museum  in  general.  In 
the  last  case  such  punched-cards  are  unfit  to  use  since  they  con 
not  cover  all  necessary  information.  For  instance  in  the 
D berner  Institution  (Munich)  only  technical  information  on 
pictures  covers  2500  features  (12). 


The  superposition  punched  cards 

Another  type  of  punched-card  can  be  used  in  an  inf crmation-retriev- 
al  system.  To  this  aim  a  punched  card  serves  not  for  fixing  of  a 
picture  but  for  recording  of  each  separate  feature  on  it.  Thus 
the  number  of  punched  cards  corresponds  exactly  to  the  number  of 
Features  to  be  recorded,  stored  and  easily  achieved.  The  number 
Df  features  to  be  selected  and  hence  that  of  punched-cards  can 
be  constantly  enlarged  and  does  not  involve  any  condition.  In 
this  case  a  certain  limitation  lies  in  the  number  of  items  which 
ran  be  fixed  on  one  punched-card.  Therefore  this  type  of  punched- 
:ard  corresponds  to  the  information  system  based  on  a  feature- 
index.  A  principle  distinction  of  this  system  from  the  previous 
one  is  the  fact  that  each  punched-card  stores  similar  features  of 
lifferent  items  and  holes  in  these  cards  were  made  according  to 
lumbers  of  items,  that  have  such  features.  The  f eatures-card 
iiffers  from  item  punched  cards  with  the  fact  that  information 
scope  fixed  on  them  is  practically  unlimited.  A  system  operated 
)n  this  principle  enables  one  not  only  to  search  a  particular 
/ork  of  art,  but  makes  it  possible  to  achieve  an  additional  inform  ■ 
ition  of  archival  (scientific)  character. 

If f iciency  of  such  a  system  depenis  wholly  on  a  proper  selection 
>f  features.  In  this  case  such  features  as  subject,  date,  mat¬ 
erial  or  structure  of  support,  ground,  paint-layer,  kind  of 
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Restoration  and  so  on  are  recorded  on  a  punched  card  directly, 

[hat  is  in  uncoded  text. 

bw  do  such  punched  card  records  look  in  such  an  information 
system?  For  instance  in  a  general  list  of  all  pictures  stored  in 
i  museum  (or  treated  in  a  laboratory),  a  double  male  portrait 
)£  the  3rd  quarter  of  the  XVIII  century  that  was  painted  on  a 
)eech  panel,  with  gesso,  in  oil  appears  under  number  518. 

jet  us  choose  from  the  pack  all  punched  cards  under  titles: 
male  portrait, 
double  portrait, 

the  3rd  quarter  of  the  XVT II  century, 

beech  panel, 

gesso, 

oil. 

jet  us  punch  the  hole  N°.  518  on  each  of  these  6  cards  that  word  d 
(lean  that  the  picture  listed  under  number  518  has  all  these  feat¬ 
ures,  that  is  punching  of  the  hole  number  518  on  a  card  labeled 
'beech  panel"  would  mean  that  a  portrait  listed  under  number  51 8 
is  painted  on  a  beech  panel. 

Sach  picture  would  be  treated  in  the  same  way.  As  a  result 
lumbers  of  every  picture  that  has  certain  features  would  be 
recorded  on  each  punched  card. 

tfow  the  retrieval  can  be  produced  without  any  mechanization.  To 
Bind  out  a  portrait  that  has  listed  features  one  must  take  the 
munched  cards  of  male  portrait,  double  portrait,  the  3rd  quarter 
j£  the  XVIII  century,  beech  panel,  gesso,  and  oil,  then  place 
them  on  the  top  of  each  other,  the  sequence  is  of  no  importance, 
Vll  these  cards  would  have  several  holes  (their  number  depends 
m  the  number  of  paintings  that  have  given  features ) .  There 
irould  be  some  male  portraits,  some  double  portraits  (including 
female,  children  and  other),  some  paintings  on  beech  panel,  a 
pot  of  items  executed  on  gesso  and  in  oil.  But  if  in  the  museum 
bollection  there  is  only  one  picture  that  has  all  the  features 
in  which  we  are  interested,  then  having  held  up  this  stock  of 


cards  to  the  light,  one  can  see  through  the  cards  at  the  number 
512  only.  It  may  be  that  in  the  museum  collection  there  is  one 
analogious  picture  more.  It  would  result  in  one  through  hole 
more . 

Hence  each  feature  card  is  used  to  collect  all  information  about 
items  that  have  certain  features  in  one  place.  If  it  is  necess¬ 
ary  for  a  user  to  form  an  opinion  about  the  evolution  of  male 
portraits  in  Europe,  one  needs  only  to  take  the  card  with  the 
correspondent  title.  Numbers  of  all  items  in  question,  regard¬ 
less  of  their  authors  and  dates  of  completion,  would  be  coded 
on  it  by  means  of  holes.  If  we  wish  to  limit  their  number  with 
that  of  completion  time,  school,  painting  technique  and  other 
features  it  is  enough  to  place  the  first  card  on  top  of  a  card 
(cards)  with  other  features  and  have  the  needed  answer.  Such 
punched  cards  have  different  inf crmational  scopes  (Fig.  4).  The 
cards  used  in  West  Germany  cover  information  about  six  thousand 
items  (Fig.  5),  those  used  by  the  British  Museum  cover  ten 
thousand  items.  In  addition  number  of  works  of  art  covered  by 
such  a  system  can  be  easily  enlarged.  For  obtaining  this  aim 
it  is  enough  only  to  make  a  parallel  card  stock.  It  the  first 
one  would  store  information  on  items  from  number  1  to  10000, 
then  the  second  would  cover  museum  objects  from  number  10001 
to  number  20000.  To  this  aim  it  is  enough  to  label  the  top 
edge  of  punched  cards  with  index  +  10000.  Then  adding  to  any 
found  on  a  card  number  (for  instance  3161  )  10000  we  would  have 
the  item  in  question,  that  is  13161 . 

It  is  necessary  to  take  into  consideration  that  every  information 
system  is  as  a  rule  in  a  certain  connection  with  an  information 
system  of  another  kind.  Therefore  both  item-index  as  well  as 
feature-index  do  not  exclude  the  presence  in  a  museum  of  an 
inventory  that  is  a  book  bounded  and  provided  with  seals  which 
is  an  official  document.  It  is  because  of  that  fact  that  this 
book  cannot  be  used  for  collecting  of  all  new  data  on  the 
picture  or  for  fixing  of  its  shifts  in  a  museum  and  so  on. 


16 


rhe  described  information  system  does  not  exclude  the  use  in  a 
nuseum  of  conditional  subject-cards.  On  the  contrary  using 
Feature  punched  cards  it  is  necessary  to  have  a  clear  text  Card- 
File  in  which  all  museum  objects  would  be  ordered  alphabetically. 

Since  one  obtained  answers  in  a  form  of  a  number  it  is  necessary 
to  use  subject-card  files  to  indentify  these  numbers  with  works 
Df  art  +  ). 

Whatever  information  system  is  chosen  one  must  remember  that  any 
3f  them  could  distribute  only  that  information  which  was  insert¬ 
ed  into  it.  Therefore  the  punched-cards  in  which  the  information 
Is  stored  must  correspond  as  close  as  possible  to  a  field  in 
¡/hich  the  system  would  be  used  in  a  museum  and  out  of  it. 


h) In  the  given  system  all  works  of  a  single  author  would  be 
recorded  also  on  one  card.  In  this  case  an  author's  name 
is  one  of  the  features.  Thus  having  pulled  out  the  card 
with  title  "Rubens  Peter  Paul  (1577-1640)"  one  copies  out 
all  punched  hole  numbers  and  then  finds  them  in  the  inventory. 
If  only  female  portraits  by  Rubens  are  to  be  found  one  needs 
only  place  on  the  card  "Rubens"  the  card  "female  portraits". 
Coincided  holes  would  be  just  the  needed  subject  of  pictures 
found  on  the  feature  card. 
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3o  National  and  International  Standards 

Selection  of  an  information  system  does  not  mean  that  it  could 
be  immediately  used.  Introduction  (insertion)  of  any  system 
requires  a  preliminary  preparation  that  is  not  only  to  acquire 
necessary  equipment  (punched— cards  and  boxes  for  them)  but  als^ 
to  allot  and  to  train  personel  that  would  handle  the  system,  t>. 
fill  cards,  to  punch  them,  that  is  to  accumulate  and  record 
information,  store  it  and  distribute  it  to  users.  But  it  is 
not  enough  yet. 

An  information  system  based  on  feature-index  requires  that  each 
item  to  be  included  in  the  system  would  have  its  own  number . 

At  the  same  time  though  in  every  museum  there  is  an  inventory 
and  all  museum  objects  have  their  inventory  numbers,  but  in 
practice  it  is  far  from  uniform.  Besides  consecutive  continuous 
numeration  there  are  sometimes  numerations  according  to  periods , 

separate  years  and  so  on.  Often  numeration  has  additional _ 
indices  of  departments,  dates  of  acquisition,  etc.  All  this  is 
unfit  to  the  given  system.  Therefore  all  museum  objects  must 
get  either  a  new  numeration  that  would  exist  in  addition  to  a 
feature-index  and  must  include  museum  inventory  numbers  corresp¬ 
onding  to  that  being  punched  on  cards. 

The  latter  way  would  be  probably  the  only  acceptable  one, 
especially  for  old  museums.  It  would  entail  only  additional 
labeling  of  works  of  art,  but  would  entail  no  material  expense 
and  make  it  possible  to  insert  a  new  information  system. 

The  next  stage  that  maybe  is  the  most  crucial,  is  the  choice 
of  features  for  which  separate  punched  cards  are  to  be  used. 

The  proper  selection  of  features  to  be  stored,  their  inter¬ 
communication  and  coordination  is  a  guarantee  of  the  system’s 
fitness . 


f)f  course  every  art  museum,  laboratory,  restoration  studio  can 
nave  punched  cards  adjusted  for  its  particular  aims.  However 
hnc  must  remember  that  a  system  called  upon  to  supply  must 
First  of  all  accumulate  information  according  to  a  standard 
list.  Hence  the  problem  of  creation  of  a  national  standard 
arises . 

"To-day  with  specialists  in  all  fields  making  increasing  demands 
For  more  detailed  information  from  museum  collections,  -  writes 
Lewis,  -  the  inadequacy  of  existing  records  is  becoming  very 
apparent  and  understandably  there  has  been  agitation  in  more 
than  one  specialist  field  for  a  national  index  of  museum  spec¬ 
imens  relating  to  a  special  subject.  If  however  the  museum 
profession  is  unable  to  meet  these  demands  it  will  be  faced 
with  a  number  of  separate  specialist  indexes  which  as  self- 
contained  units  will  perpetuate  the  fallacy  of  treating  each 
subject  in  isolation..."  (^)# 

Centralization  of  scientific  documentation  is  a  very  important 
factor  of  examination  of  museum  collections  but  its  realisation 
is  not  a  simple  matter.  Thus  in  Germany,  for  example,  organizing 
of  a  Central  Archive  for  accumulation  of  all  scientific  inform¬ 
ation  was  tried  much  more  than  once  since  1900,  but  this  aim 
has  not  been  achieved  up  to  date  (^). 

Creation  of  a  national  index  has  two  aspects.  There  is  a 
necessity  in  strictly  thought  out  classification  of  feature  on 
level  of  a  national  standard  that  would  obligatory  for  all  to 
use.  This  in  its  turn  enables  to  create  in  future  an  united 
centre  for  storing  of  such  documentation  which  can  use  not 
manual  but  mechanized  proceeding  and  dissemination  of  inform¬ 
ation.  Advantages  of  united  national  index  given  for  museums 
are  hardly  to  be  overestimated. 

It  must  be  however  remembered  that  fear  of  great  volume  of  work 
can  prevent  insertion  of  this  important  undertaking.  For  this 
aim  it  is  very  important  to  make  a  proper  classification  that 
would  be  adjusted  first  of  all  to  requirements  of  museums  and 
thus  stimulate  the  work  in  this  direction. 
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It  is  not  necessary  to  insert  such  a  system  of  cataloguing  by 
means  of  orders»  It  would  be  rather  harmful  than  have  any  use» 
Perhaps  it  is  also  not  necessary  to  use  it  for  all  collections 
of  a  museum  simultaneously  or  to  demand  to  fill  all  cards 
correspondingly  to  a  given  standard. 

At  the  same  time  it  is  undoubtedly  useful  to  pursue  at  first 
rather  a  state  than  an  inves tigational  aim. 

A  feature  card  information  system  meets  all  these  requirements 
the  most  fully:  it  allows  to  insert  those  or  other  features 
step  by  step  in  every  sequence  and  every  quantity.  The  grade 
of  detailizaticn  of  analytical  data  to  be  inserted  into  card¬ 
files  depends  not  only  on  a  system  in  general  but  also  on  a 
list  of  the  institutions  that  collect  information  as  well  as 
on  any  specific  object  (or  it  examination) .  Museums  without 
analytical  laboratories  cannot  produce  punched  cards  on  techno¬ 
logical  features  of  works  of  art.  But  if  such  examination 
has  been  made  elsewhere  and  the  museum  has  corresponding 
documentation  it  must  fix  this  information  in  its  information 
system. 

At  the  same  time  it  is  important  that  all  secondary  information 
(on  laboratory  and  restoration  examinations )  to  be  stored  in 
the  museum  under  the  same  number  (or  code)  as  the  work  of  art 
to  which  it  corresponds  +). 

If  punched  cards  must  be  recorded  stage  by  stage  and  at  first 
stage  such  records  may  be  minimal  it  is  necessary  from  the 
very  beginning  to  cover  as  many  features  as  possible  (of  course 
their  number  will  increase  in  the  future). 


+  )  For  storing  of  data  on  analytical  and  restoration  reports 
by  means  of  punched  cards  the  same  requirements  that  are 
used  for  works  of  art  must  be  observed.  All  reports  must 
have  ordinal  numbers  free  of  any  index.  All  materials 
stored  separately  of  reports  (x-radiograms ,  cross  sections, 
material  relics)  must  have  the  same  number. 
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Evidently  it  is  the  most  useful  to  divide  all  features  of  works 
pf  art  that  are  to  be  recorded  into  three  parts  according  to 
their  meaning: 

a)  art-historical, 

b)  technological, 

c)  restorational. 

Each  one  of  these  parts  is  divided  into  sections  in  which  feature 
punched  cards  are  in  alphabetical  order. 


Taking  into  consideration  a  number  of  factors: 

1 )  that  problems  of  museum  documentation  have 
assumed  an  international  character, 

2 )  that  the  idea  to  create  the  national  index  is 
accepted  by  experts  of  many  states, 

3)  that  punched-card  storing  systems  are  accepted 
to  be  the  most  reasonable  for  our  times, 

. 

4)  that the  ICOM  Committee  for  conservation  acts  as 
guarantee  the  author  considers  as  reasonable  to 
recommend  the  following. 

The  ICOM  Committee  for  conservation  will  set  up  at  the  next 
meeting  a  working  party  to  work  out  foundations  for  the  class¬ 
ification  of  works  of  art  features  (for  easel  painting)  and 
def initions  of  the  minimum  of  features  to  be  incorporated  in 
an  inf ormation-retrieval  system.  This  list  must  be  send  to  all 
prominent  national  centres  (museums,  art  galleries,  laboratories 
and  institutions )  to  examine  and  discuss,  after  which  it  is  to 
be  returned  to  the  working  party  with  corresponding  remarks. 
General  conclusion  of  these  materials  is  to  be  reported  at  the 
next  session  of  the  Committee.  If  it  will  be  approved  by  the 
Committee  it  must  be  published  in  one  of  the  ICOM  publications 
and  provide  a  foundation  for  working  out  of  national  standards. 
Working  out  such  a  classif ication  it  is  necessary  to  course  to 
take  into  account  all  used  classifications  (for  instance  that 
used  in  the  Döerner  Institute  in  Munich,  in  the  British  Museum 
and  in  other  institutions  that  have  great  experience  in  this 
field ) . 
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Fig.1. 


A  two-line  edge  punched-card  coded  in  1 -2-4-7  key  in  order  to 
enlarge  the  volume  of  information  to  be  recorded.  (The  State 
Ethnographical  Museum  of  the  Estonean  SSR).  Size  of  a  card 
is  207  x  147  mm;  diameter  of  a  hole  is  3  mm. 


Fig.2. 

A  one-line  edge-punched,  card  coded  in  direct  code  in  which 
each  hole  is  corresponded  with  a  definite  feature  marked  on 
the  card  itself.  (The  cabinet  of  museum  and  locale  lore  stud¬ 
ies.  Prague).  Size  of  a  card  is  210  x  148  mm;  diameter  of  a 
hole  is  ?  mm. 
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INTRODUCTION 


Nuestra  participación  en  la  3«  Reunión  Plenaria  del  Comitó 
para  la  Conservación  del  International  Institute  for  Conserva 
tion  —  ICOM  es  la  oportunidad  que  se  presenta  para  hacer  una 
evaluación  de  lo  que  ha  sido  nuestra  pequeña  pero  efectiva  a  tu 
ación  en  el  trabajo  de  la  Preservación  de  Bienes  Culturales  en 
nuestro  pais  desde  el  momento  en  que  regresamos  de  nuestro  entre 
namiento  en  el  Centro  Latinoamericano  de  la  UNESCO  en  Mexico, 
hasta  el  presente. 


El  "Compromiso  de  Brasilia"  asi  como  la  "Conferencia  de  Sal¬ 
vador"  en  Bahia  marcaban  con  énfasis  la  necesidad  de  poner  en 
ejeción  una  política  nacional  de  preservación  del  patrimonio  cul 


grama  a  largo  plazo  en  el  que  se  haria  incluir  ciertamente  un  in 
ventarlo  de  nuestro  acervo  cultural-  6s  en  aquellos  dc> 

aumentos;  *  Mas  aón,  esto  es  básico  para  la  realización  de  un  ca¬ 
talogo  razonando  de  todo  lo  existente»  asi  como  también  las  con¬ 
secuentes  medidas  de  órden  ,  prioritario  de  conservación» 

Son  estos  encargos,  todavía,  de  una  complejidad  muy  grande*  El 
elmdo  presupuesto  requerido  en  la  preservación  de  bienes  cul  tu  - 
rales,  hace  que  sea  necesaria  la  participación  no  solamente  de 
las  autoridades  gubernamentales,  sino  también  de  la  ayuda  efectjl 
va  de  empresas  privados*  Si  al  primero  le  toca  proporcionar  re¬ 
cursos  técnicos,  materiales  y  humanos,  extremamente  gravosos,  al 
segundo  se  le  pide  una.  buena  dosis  de  comprensión  y  de  sensibili 
dad  para  con  los  motivos  de  nuestro  enorgullecimiento  nacional, 
imponiéndole  muchas  sacrificios  a  los  cuales  no  están  todavía  pre 
parados,  principalmente  cuando  e3tos  sacrificios  se  traducen  en 
pórdidas  de  ganancias. 


En  este  punto  se  hace  ñecos  ria  la  acción  interdependente  ton 
to  por  parte  de  la  universidad,  cuanto  de  los  demás  sectores  cul 


turóles.  Queremos  con  esto  decir  que  la3  pesadas  cargas  que 
son  impuestas  para  la  preservación  de  estos  valores  cultu  — 
rales  de  la  humanidad ,  necesitan  que  sean  compensadas  por  su 
eficaz  utilización* 

Creemos  que  la  universidad  tiene  un  p  pel  de  importancia 
en  esto*  Es  sabido  que  en  su  seno  están  los  factores  capa  — 
ces  de  poner  nuestros  valores  culturales  en  punto  de  utili¬ 
zación*  Tanto  por  su  personal  especializado  ,  cuanto  por  sus  in 
s  tala  ci  ones  y  equipos  al  servicio  de  un  plantenamiento  re  gu  — 
lar  e  sistematizado.  Todavia  falta  mucho  para  que  las  universjL 
dades  puedan  trabajar,  como  es  necesario y  en  nuestros  valores 
culturales,  ya  que  están  al  servioio  de  las  necesidades  /  bá¬ 
sicas  presididas  por  industria,  el  comercio  y  la  asistencia  so, 
cial,  quedando  aquellos  valores  invariablemente  por  ultimo*  To 
do  esto  pare ceños  todavía  más  claro  cuando  pensarnos  en  areas  de 

*  o  roO _ _ — 

proporciones  continente  los  /la  de  Brasil*  Sin  embargo  tímidamente 
se  da  inicio  al  intercambio  con  la  Universidad. 

Una  importante  contribución  es  esperada  de  los  museos,  con 
su  gradual  transformación  en  instituciones  modernas  con  pro  — 
gramas  encaminado s  a  consiguir  visitantes  cada  dia  más  intere¬ 
sadas*  Pero  aunque  sean  muchos  los  pasos  que  hemos  dado  en  este 
sentido,  hay  mucho  todavía  que  hacer  en  este  sector,  lo  que  pre¬ 
supone  demasiado  tiempo,  lo  suficiente  para  que  la  polilla,  la 
acción  actinica,  los  hongos  y  la  polución  hagan  su  trabajo  inexo 
rabie* 

Por  esofacá  mucho  más  para  escuchar  que  pera  hablar*  Sin  em¬ 
bargo  creemos  que  tenemos  algo  que  decirles  en  cuanto  a  la  mul¬ 
tiplicación  de  nuestra  experiencia  personal,  la  que  nos  ha  sido 
proporcionada  por  el  entrenamiento  en  la  UNESCG*  Sobre  todo  en 
lo  que  toca  a  la  formación  de  criterios  de  personal,  tenemos  in 
terós  en  cambiar  observaciones  y  experiencias* 


En  esta  breve  comunicación  por  lo  tanto,  haremos  un  resumen 
histórico  del  origen  y  naturaleza  de  la  colección  del  Ríuseu  de 
Bolas  Artes  do  Rio  de  Janeiro,  centro  de  nuestro  trabajo  y  ob¬ 
servaciones,  lo  que  ha  sido  su  conservación  en  su  existencia  de 
cerca  de  treinta  y  cinco  años,  personal  encargado  de  la  conser¬ 
vación  y  su  grado  de  formación.  También  las  posibilidades  actu¬ 
ales  de  profesionalizarse  en  Brasil  y  en  este  contexto,  lo  que 
significa  la  reciente  creación  del  laboratorio  de  Conservación 
en  el  Mus  eu  Nacional  de  Belas  Artes,  asi  como  observaciones 
acerca  del  plan  de  instalación,  funcionamiento  y  resumen  de  ac¬ 
tividad  después  de  los  onze  primeros  meses  de  trabajo. 

Esto  es  todo  lo  que  traemos  a  esta  honorable  asemblea,  no 
tanto  por  hacer  una  presencia,  como  para  atraer  la  atención  del 
examen  y  la  critica. 


i 


LA  PINACOTECA  NACIONAL 


La  venida  de  la  corte  con  la  familia  imperial  hacia  el 
Brasil,  a  principios  del  siglo  pasado,  permitid  que  se  ere 
aran  condiciones  para  la  formación  de  los  xnfcleos  iniciales  de 
dos  de  3  as  principales  colecciones  de  documentos  tanto  ico  — 
no gráficos,  como  bibliográficos,  o  sea  el  Museu  Nacional  de  Be 
las  Artes  y  la  Biblioteca  Nacional. 


La  creación  de  la  Academia  Imperial  de  Beles  Artes  des  — 
pues  “Escola  Nacional  de  Belas  Artes"  de  La  Universidad  Fede¬ 
ral  de  Rio  de  Janeiro,  ha  permitido  la  formación  de  una  colec¬ 
ción  de  arte  con  origen  en  lo  que  constituyo  el  bagaje  de  la  mi 
sion  Artística  Francesa  llegada  a  Rio  de  Janeiro  en  1816.  La  pri¬ 
mitiva  colección  fue  graduativamente  aumentada  no  solo  con  nue 
vas  adquisiciones,  donaciones  e  incorporaciones  por  efecto  de 
los  premio  oficiales. 

Con  la  or gani oación  del  museo^ más  tarde,  en  1937*  so  propor¬ 
cionó  un  destino  más  adecuado  a  le  colección,  ya  que  no  sola  — 
mente  era  para  un  pequeño  grupo  de  estudiantes,  sino  que  se  fa 
cilitó  asi  la  visita  a  un  numero  mucho  más  amplio  de  personas 
interesadas»  Con  el  tiempo,  resultó  que  con  el  crecimiento  gradu 
al  de  la  colección,  el  espacio  arquitectural  fue  disminuyendo, 
principalmente  después  que  las  moderaas  tócnicas  museológicas 
pasaron  a  exigir  tin  menor  numero  de  piezas  en  la3  galerías  y 
salas  de  exposición,  llenando  a  su  vez  los  depósitos  de  manera 
crítica. 


LA  ARQUITECTURA  DEL  MUSED 


Para  que  tengamos  una  mejor  idea  de  lo  que  es  la  dispo¬ 
sición  de  los  espacios  interiores  del  "Mus eu  Nacional  de  Be 
Taft  Artes",  basta  que  miremos  los  esquemas  representativos 
de  los  principales  pisos  (anexo  1 ) •  La  edificación  es  desa  — 
rollada  en  la  forma  de  plan  central  compuesta  por  galerías 
rectangulares  articuladas  por  espacios  cuadrados  menores.  Una 
parte  tiene  las  soluciones  de  iluminación  y  de  aeración  re  — 
sueltas  naturalmente  por  el  contacto  libre  con  el  exterior. 
La  parte  ubicada  internamente  *está  pendiente  de  acondici¬ 
onamiento  y  de  su  respectiva  dotación  de  presupuesto,  medida 


que  ha  sido  propuesta  por  nosotros  a  la  dirección,  estando  ya 
en  curso  los  estudios  para  su  instalación.  Hay  que  aumentar  la 


diversidad  de  materiales  que  integran  los  más  variados  objetos 
fe r>  loe  respectivos  departamentos  de  pintura  escultura,  dibujo, 
grabado  y  artes  ornamentales.  En  orden  de  incidencia,  es  mayor 
la  presencia  de  materiales  orgánicos}  lienzo,  papel,  madera, 
cuero  y  marfil. 

Los  materiales  pétreos  registran  una  gran  tfcidencia  princi¬ 
palmente  ^los  objetos  trabajados  en  creta,  estudios,  maquetas, 
originales. 

Los  metales  están  presentes  en  menor  numero,  esculturas  en 
bronze,  hierro  y  pequeños  objetos  en  metales  nobles. 

Los  materiales  sintóticos  empiezan  a  comparecer  en  las  nue 
vas  aquisiciones  e  incorporaciones  debidas  a  I03  premios  ofi¬ 
ciales  que  por  fuerza  de  disposit5.vo  legal  van  a  integrar  la 
colección  del  museo  y  el  patrimonio  nacional. 


+aquella  esta  dependente  a  condicionamento 


1.2  -  Histórico  de  la  Conservación 


La  reglamentación  interna  de  los  Servicios  del  museo* 
incluye  el  departamento  de  restauración  en  su  cuadro  de 
personal  tócnico  con  un  restaurador  y  ayudantes  especiali¬ 
zados.;-^ 

De  lo  que  investigamos  en  ln  documentación  existente, 
publicada  en  los  boletines  del  "Museu  nacional  de  Belas  Ar 
tes*  y  "Arquivos"  de  la  "Escala  nacional  de  Belas  Artes,  nue 
atros  primeros  restauradores  tuvieron  su  origen  en  la  forma  - 
ción  misma  impartida  en  los  cursos  de  arte  de  la  referida  es¬ 
cuela.  Todavía  hoy,  es  posible  comprobar  que  son  las  escuelas 
oficiales  de  arte  las  que  de  alguna  manera  tienen  a  su  cargo 
la  información  a  nivel  de  complementación  de  los  cursos  regu¬ 
lares  de  arte,  de  tóenieac.de  restauración,  lo  que  excluye  una 
habilitación  profesional  en  este  particular. 


Creemos  son  las  razones  mencionadas  las  que  han  presidido 
la  conservación  de  colecciones  no  solo  del  Musen  de  Belas  Ar¬ 
tes*  «rfw»  de  los  demás  museos  en  el  teritórlo,  de  una  forma 
empírica,  lo  que  puede  ser  visto  non  solo  de  forma  directa  por 
nna  simple  visita  de  los  museos,  sino  también  Por  la  ausencia 
de  toda  documentación  que  atestigüe  lo  contrario.  Los  boletines 
a  los  que  hicimos  alusión  no  dan  más  que  noticias  sin  ninguna 
precisión  a  este  »spec to. 

A  Juzgar  por  los  gabinetes  do  restauración  todavía  existen- 
tas  en  algunos  de  nuestros  museos,  acreditamos  qus  solo  a  par¬ 
tir  de  la  3  ni  ci -t  iva  pionera  de  la  Diretoria  del  Patrimonio  Hi¬ 
stórico  e  Artístico  Nacional  se  ha  intentado  una  nueva  organi¬ 
zación  a  nivel  más  acbalizado  de  la  conservación  de  bienes  cul¬ 
turales  en  Brasil.  ) 


Una  solución  de  emergencia  ha  sido  puesta  en  ejecución  por 
la  dirección  del  museo  en  los  anos  de  1967  a  196SPcon  la  opor¬ 
tuna  contratación  de  los  servicios  técnicos  de  un  restaurador 
solucionando  una  situación  de  orden  critico,  pero  no  en  en  de¬ 
finitiva  del  problema,  ya  que  como  es  sabido,  solamente  un  tra 
bajo  metódico  y  constante  es  capaz  de  producir  resultados  efi 
caces  en  la  conservación  de  bienes  culturales  y  es  esto  justa¬ 
mente  lo  que  ahora  intentamos  hacer  con  la  instalación  del  La¬ 
boratorio  de  Conserva çao  en  el  Kuseu  Nacional  de  Belas  Artes* 

£1  problema  de  acondicionamiento  de  las  colecciones  de  loa 
museos  brasileños  con  exclusión  de  unos  cuantas  excepciones  a 
la  regla,  no  tiene  correspondencia  con  los  adelantos  a  que  ya 
llegamos  en  este  particular*  Es  importante  hacer  notar  que  a 
las  ya  conocidas  variaciones  higrometricas  producidas  por  efec 
to  de  un  clima  tropical  se  suman  el  alto  grado  de  agentes  de 
polución  en  la  atmosfera  de  las  grandes  ciudades. 

1.3  LA  FORMACION  DEL  CONSERVADOR  DE 
PATRIMONIO  (RESTAURADOR) 

De  algún  tiempo  a  esta  paarte,  ha  aumentado  el  interés  por 
la  profesión  de  restaurador,  lo  que  es  debido  sin  duda  a  la 
divulgación  de  los  trabajos  que  durante  más  de  cuatro  lustros 
ha  realizado  el  Instituto  de  Patrimonio  Histórico  e  Artístico 
Nacional.  Hay  que  destacar  también  la  ayuda  proporcionada  por 
la  UNESCO  y  demás  organizaciones  en  forma  de  becas  para  que 
colegas  nuestros  se  perfeccionen  en  los  centro 3  del  exterior, 
principalmente  en  los  de  Madrid,  Bruselas ,  Roma  y  Mexico. 

Todavía  una  evaluación  de  los  resultados  esta  por  hacer. 

Por  lo  menos  en  lo  que  respecta  a  la  plena  actuación  después 
del  regreso  del  becario  al  pais  de  origen,  que  posibilidades 
de  trabajo  ha  encontrado  y  cuales  han  sido  sus  principales 
dificultades,  que  por  cierto  las  hay  en  gran  numero.  Muchas 
de  estas  cuestiones  han  sido  ya  abordadas  en  nuestros  infor 
mes  periódicos  no  solo  a  las  instituciones  que  han  proporciona 
do  las  becas,  sino  de  igual  modo  a  nuestras  autoridades. 

Nos  ocurre  hacer  de  pronto  una  sugerencia  con  respecto  al 
mayor  numero  de  oportunidades  para  nuevos  entrenamientos  de 
personal.  Pero  a  nuestro  entender  esto  solo  no  es  suficiente. 


vez  en  cuando,  consideramos  que  en  un  intervalo  de  dos  años. 

Otro  aspecto  relevante  es  la  presencia  reguiar  en  Brasil 
de  especialistas  que  por  ejemplo  de  los  que  son  enviados  por 
la  UNESCO  a  otros  paises  para  impartir  conferencias  o  cursos 
rápidos,  como  la  única  forma  cap**  de  ponernos  al  tanto  de  lo 
que  se  ha  prograsado  en  la  conservación  de  bienes  culturales 
además  de  la  literatura  especializada. 

Reconocemos  sin  embargo  que  un  trabajo  basado  en  la  noción 
de  una  estrecha  colaboración  es  asimismo  importante.  Creemos 
que  solamente  la  práctica  continuada  de  multiples  contactos  es 
capaz  de  producir  una  verdadera  confianza  tanto  de  parte  de 
aquellos  que  la  neceedtan,  como  de  parte  de  aquellos  a  qui  ene 
cabe  la  responsabilidad  de  orientar  la  mejor  solución  posible. 

En  principio  ofrece  el  Brasil  algunas  opciones  de  formación 
de  restauradores,  pero  no  todas  al  grado  de  nivel  profesional. 
Regularmente,  como  hemos  ya  visto,  en  el  ámbito  de  los  cursos 
impartidos  en  las  escuelas  de  Arte.  Otros  se  h**«  iniciado  tra 
bajando  con  algunos  de  los  restauradores  en  actividad  e  inte 
grado  los  cuadros  de  personal  a  disposición  de  los  museos.  Pero 
ninguno  de  los  profesionales  con  quienes  hemos  tenido  contacto 
tuvieron  la  oportunidad  de  una  actualización  de  su  experiencia • 
Hay  que  decir  una  palabra  con  respecto  a  la  gran  distancia  que 
separa  los  pocos  restauradores  en  actividad,  én  este  inmenso 
pals.  Al  escribir  estas  lineas  se  nos  ocurre  Ir.  expresión  de 
P#  Coremans  en  su  articulo  para  el  numero  XI  de  la  Colección 
"MusÓes  ot  Monuments*  de  la  UNESCO;  cuando  hizo  aquel  ilustre 
tócnlco  belga  la  referencia  a  la  "torre  de  marfil"  a  que  por  1&3 
mas  variadas  razones  se  situa  el  profesional  de  la  restauración 
y  de  la  cual  como  en  cualquier  otra  profesión,  trae  con©  resul 
tado  su  proprio  atrof lamento. 

Muchos  han  sido  los  cursos  de  diferentes  grados,  en  su  mayo 
ria  de  pura  información,  que  h^n  sido  impartidos  no  solo  en  el 
ámbito  de  las  escuelas  de  arte,  "sino  también  en  los  museos  y 
universidades.  El  primer  curso  a  nivel  de  pograduación  y  de  fina 
lidad  eminentemente  profesional,  fue  el  que  tuvo  lugar  en  la 
Escuela  de  Kuseologia  en  el  año  de  196^viEn  el,  junto  con  nm 
información  teórica,  se  ha  proporcionado  un  tiempo  equivalente 
a  4/5  de  entrenamiento  en  el  taller,  para  alumnos  seleccionados 
ontre  los  cursos  de  art£  museologia  y  arquitectura.  Algunos  de 
los  restauradores  que  actualmente  trabajan  en  diferentes  regio 
nos  del  nais  v  hasta  de  raises  vecinos,  han  tenido  sru  formación 


Nacional  ,  bajo  la  orientación  del  restaurador  E.  Motta. 

Actualmente  nos  incumbe  presentar  a  la  dirección  del 
Instituto  de  Bellas  Artes  de  la  Secretaria  de  Educación 
y  Cultura  del  Estado  de  Guanabara  -  Rio  de  Janeiro  -  un 
proyecto  de  un  curso  regular  a  nivel  técnico  profesional 
de  Conservador  de  Bienes  Culturales  en  el  cual  tenemos  la 
colaboración  del  Prof.  Almir  Paredes  que  acaba  de  regresar 
después  de  haber  cumplido  un  programa  de  perfeccionamiento 
en  el  Instituto  Dr.  Josó  de  Figueiredo  en  Lisboa,  centro 
en  que  estuvimos  trabajando  también  en  nuestra  primera 
oportunidad  de  especializaeión  fuera  del  pais.  El  referido 
curso  en  estudio,  está  estructurado  en  un  sistema  de  crócLi 
tos  con  distribución  por  ocho  periodos  de  cinco  meses  con 
una  totalidad  de  cerca  de  3.800  horas.  El  proyecto  sigue 
todavía  en  estudios  esperando  se  ponga  en  ejecución  en 
marzo  del  año  próximo  y  hace  hincapié  en  los  materiales 
orgánicos  de  manera  a  atender  en  la  medida  de  lo  posible 
la  necesidad  imediata  de  preservación  del  material  etnográ 
fleo.  A  este  respecto,  aunque  el  de  Conservación 

del  Museo  Racional  de  Bellas  Artes  no  trate  específicamente 
de  esta  especialidad,  sin  embargo  ha  ya  prestado  servicio  a 
petición  del  Museo  de  Antropología  de  la  Universidad  de  Sta. 
Catarina,  haciendo  que  un  funcionario  del  museo  haga  un  cur 
sillo  corto  con  programa  de  trabajo  definido  en  aquella  espe 
cialidad.  Lo  mismo  ha  sucedido  con  relación  al  Museo  Nacional 
de  Quinta  da  Boa  Vista,  al  orientar  a  su  técnico  acerca  del 
tratamiento  de  objetos  de  marfil. 


2-  LA  ORACION  DE  UN  SERVICIO  REGULAR  DE 
CONSERVACION  EN  EL  M.N.B.A. 


De  regreso  de  nuestro  entrenamiento  en  el  Centro  de 
la  UNESCO  en  Mdxico,  recibimos  el  encargo  de  estudiar  la 
instalación  de  un  laboratorio  de  conservación  en  el  MU¬ 
SEO  NACIONAL  DE  BELLAS  ARTES*  Una  investigación  próvia 
de  las  condiciones  señaló  un  espacio  de  utilización  posi¬ 
ble  de  cerca  de  sesenta  metros  de  área,  algunas  instala¬ 
ciones  pequeñas  —  água,  iluminación  deficiente  -  una  po¬ 
sibilidad  remota  de  presupuesto  y  mucha  basura. 

Hay  que  hacer  mención  justa  al  imprescindible  apoyo 
que  ha  sido  proporcionado  por  la  actual  dirección,  que 
a  tiempo  ha  comprendido  la  necesidad  de  que  se  Inicie  un 
servicio  regular  de  conservación  de  los  valores  culturales 
depositados  en  nuestras  manos* 

2.1-  EL  ESPACIO  Y  SU  ADAPTACION 

Los  estudios  preliminares  nos  han  proporcionado  una  vi¬ 
sión  muy  amplia  del  problema  que  básicamente  ha  sido  plan¬ 
teado  en  dos  parteas  instalación  de  un  servido  de  conserva¬ 
ción  y  la  preparación  de  personal  segán  criterios  actualizados, 

a  s*ÿ  war -Se¬ 
para  -darlo-  la  continuidad  necesaria. 


En  función  de  las  instalaciones  existentes  y  siguiendo  el 
criterio  de  mayor  racionalización  del  trabajo,  se  hizo  el 
aprovechaménto  del  espacio,  intentando  instalar  en  ello  todo 
lo  mínimo  indispensable  al  funcionamiento  de  un  laboratorio  de 
Conservación  (ve ase  el  plan,  anexo  2),  observándose  desde  la 
entrada:  cámara  oscura  para  revelado  fotográfico  y  examen  con 
luces  especiales;  estante  para  guardar  materiales  en  utilización, 
encerado,  mesa  de  mármol  y  lavatorios;  mesa  con  equipo  de  precisión 
-  lupa  estereoscópica  y  microscópio,  una  gran  mesa  central  para 
trabajos  simultáneos,  mesa  de  reentelado,  mesa  para  higieniza- 
ciónes,  sector  de  reintegración  de  partes  en  falta,  papelera,  y 
armaritos  de  pertenencias  individuales  y  armario  de  acero  para 
guarda  de  materiales. 


!  ' 


E1  sector  de  edenes  con  luces  especiales  dispone  de 

voulue  para  radiaciones  DY  e  IR  y  monocromática  de  sídio. 

1  ^  ^  j  i  no  archivos  que  contienen 

En  otra  dependencia  están  los  arcnivos  q 

toda  la  documentad««  de  examen,  proposición  de  tratami 

tos  Picados  con  sus  respectivos  ñervos  y 

gráficas,  materiales  retirados  para  análisis  y  otr 

Cienes  componiendo  el  -dossier"  de  cada  una  de  las  interve_ 

oiones  realizadas  a  cargo  del  laboratorio. 

Siguiendo  un  cronograma  de  trabajo  previamente  elab°^- 
,  _  cosible  QQorSinar  las  diferentes  etapas  de  tra 

^Tneoesárias  a  la  instalación  del  laborator^teniendose 
el  cuidado  de  escalonarlas  rigurosamente  por ^d  - 

dad  y  de  disponibilidad  de  presupuesto,  por  tres  pea 
un  aüo  cada,  uno«  ..  . 

ha  observación  del  cronograma  de  actividades  £ 

implantación,  Cvease  el  gráfico), 

J^ero  -I-  ha  sido  completado  con  excepción  de  l°a  dos  Ul 
maner°  ,  «pmeolal  de  eliminación  de  líquidos 

mos  conceptos»  siste^  eepe  importancia 

Bayos  le 

El  ndmero  -IV-  relativo  a  la  documentación,  ya  **» .  ma 
rial  reunido  lo  suficiente  para  una  publicación  proyecto  este 

que  aguarda  todavía  su  vez. 

__  pm  a  xas  actividades  coja 

£^«>ión.  1)8  “<**  ^"tanola  “°f 

srn.  rxi 

.#  »-t  Tn  a  ti  tuto  de  Patrimonio  Hlstonoo  o  ^ 

Conservación.  Al  Insti  ria  d9  Asuntos  Culturales 

nacional  dependientes  de  la  Dire  a  au  vez  depende 

del  Ministerio  de  la  Bducacióny  Cult-aj  Esta  ^ 

cpmo  servicio  del  Museo  Nacional  de  Bel  Interna 

boratorio  desde  el  ano  pasado  ^  ae  miembr0  matituoio 

tional  for  Conservation  -HC-  e»cd  ^  oon  los 

^“Ta^r  con  el  objetivo  de  ooordinaoión  de 

programas  . 


El  concepto  de  INIKRCAMBIO,  recibe  una  atención  muy  par 
ticular  de  nuestra  parte,  puesto  que  las  solicitudes  de  orien 
taciÓn  son  tratadas  con  el  cuidado  que  merecen,  ya  sea  de  for 
ma  directa,  o  dirigiendo  a  quien  sea  reconocida  competencia. 

Estamos  seguros  de  que  es  esta  la  mejor  forma  de  hacer  rnulti^ 
plicar  la  (portunidad  que  nos  ha  sido  dada  de  mejorar  nuestra 
experiencia,  lo  que  es  en  verdad  hacerlas  transcender. 

De  las  "Actividades  Complementarias"  concepto  VII  se  ha 
ofrecido  solamente  la  oportunidad  de  realización  de  un  pequeño 
seminario  al  regreso  al  Brasil  d6l  Prof#  Almir  Paredes  después 
de  un  periodo  de  especialización.  ¥■ 

3  RESUMEN  DE  ACTIVIDADES 

En  sus  once  primeros  meses  de  actuación,  el  laboratorio  del 
Museo  Nacional  da  Bailas  Artes  se  limitó  a  la  tarea  de  proceder 
a  la  higienización  regular  de  los  objetos  en  exposición  y  en  los 
depósitos.  También  su  Inmunización  y  algunas  consolidaciones. 
Simultáneamente  se  ha  empezado  el  registro  da  las  distintos  gia 
dos  de  humedad  relativa,  reul tantes  de  las  diferentes  condi ci£ 
nos  proporcionadas  por  la  arquite tura  del  museo. 

3.1-  PREVISIONES  Y  ACTIVIDADES  BASICAS 

Para  las  actividades  que  acabamos  de  describir,  a  mediados 
del  año  inicial,  fueron  impuestas  unas  cuantas  dificultades  de 
naturaleza  burocré tic-administrativas.  Sin  embargo  una  previsión 
de  recursos  materiales  y  de  personal  tuvo  cabida  en  el  ámbito  de 
esta  realidad,  gracias  no  solo  a  la  comprensión  de  la  administra 
clón  del  museo,  sino  también  con  la  ayuda  efectiva  de  la  Asocia 
ciÓn  de  los  Amigos  del  Museo  de  Bellas  Artes—  AMBAR# 

La  inclusión  del  laboratorio  en  el  presupuesto  general  para 
el  museo,  solamente  ha  sido  posible  a  partir  del  año  de  1972,  lo 
que  nos  hace  esperar  mejores  perspectivas  en  los  años  venideros. 

De  lo  total  del  presupuesto,  por  aquel  entonces  ya  bastante  di£ 
mi nui do  en  función  de  los  gastos  anteriormente  previstos,  pudo 
el  laboratorio  absorber  lo  equivalente  a  cerca  del  ocho  por  ciento 
para  adquisición  de  equipos,  utiles  y  de  materiales. 

Las  recomendaciones  superiores  en  el  sentido  de  una  mayor  aus 
teridad  con  respecto  a  los  gastos  públicos,  han  impuesto  tina  s£ 
lución  en  el  ámbito  mismo  de  los  cuadros  de  personal  del  museo. 

/£  N.R.  Posteriormente  a  la  presentación  de  esta  comunicación  al  G.T  en  . 

Madrid,  tuvi  .os  el  seminario  ^  y  1 Qliuw)  C-oa\  l^o 
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Por  esto ,  el  laboratorio  tiene  dos  funcionarios  fijos.  Otra 
razón  de  esto  es  que  personalmente  hemos  dado  preferencia 
a  la  formación  de  nuevos  técnicos  con  stage  previo  de  prepara 
ciÓn  en  el  laboratorio  mismo,  para  futura  selección  y  apro 
vechamiento.  Esta  es  a  nuestro  entender,  la  otra  actividad  de 
importancia  desarollada  a  partir  de  la  instalación  del  labora 
torio,  sea,  la  formación  regular  de  personal  en  ámbito  regio 
nal,  capaces  de  suceder  a  las  generaciones  de  conservadores  an 
tiguos  dando  continuidad  a  su  trabajo  y  experiencia.  Pero  esto 
lo  sabemos  bien,  solamente  resultará  con  la  participación  efec 
tiva  tanto  de  nuestros  colegas  brasileños  con  especial! zación 
en  los  Centros  de  Conservación  de  Bienes  Culturales  y  también 
con  la  colaboración  de  los  mismos  centros. 

3*3-  FORMACION  BE  PERSONAL 

En  el  mismo  nivel  de  importancia  dada  a  la  Conservación  del 
acervo  en  el  Museo  de  Bellas  Artes,  segdn  los  criterios  de  lo 
que  es  modernamente  la  Conservación  de  los  Bienes  Culturales, 
está  la  formación  regular  de  personal.  A  ello  hemos  dedicado 
mucho  de  nuestro  esfuerzo.  Hemos  sido  recompensados  con  el  gran 
interés  que  tiene  la  conservación  no  solamente  por  parte  do  los 
estudiantes  de  muse  ologia  sino  también  de  los  de  arte  en  la  uni 
versidad.  La  prueba  de  este  interés  la  hemos  tenido  en  Sao  Paulo 
donde  invitados  por  la  Universidad  impartimos  un  curso  intensivo 
de  pos-graduación  juntamente  con  nuestra  colega  Beatriz  Pellizzet- 
te  con  el  titulo  de  TECNICAS  DE  CONSERVACIÓN  MUSE  OLQGI  CAS .  Lo 
mismo  ha  sucedido  con  el  curso  intensivo  que  por  invitación  del 
Departamento  de  Cultura  del  Estado  de  Sta.  Catarina,  impartimos 
juntamente  con  la  Prfa.  Ecycla  Brandao. 

En  principio  establecemos  un  námero  límite  de  personal.  Es  que 
el  estage  nos  ha  parecido  la  mejor  forma  de  trabajar  con  personal 
todavía  no  iniciado.  Antes  mismo  de  que  su  hubiera  hecho  cualquier 
convocatoria,  las  solicitudes  para  hacer  experiencias  de  estage  en 
el  laboratorio  del  museo  hablan  sobrepasado  el  n&nero  establecido. 
Así  es  que  de  pronto  hemos  dado  inicio  a  la  formación  de  personal, 
con  un  grupo  de  siete  estudiantes,  todos  ellos  en  fase  de  conclusión 
de  su  curso  en  la  universidad,  a  excepción  de  dos  que  ya  han  con 
cluido  su  curso  en  la  Escuela  de  Bellas  Artes  uno,  y  la  Escuela 
de  Muse ologia  el  otro.  La  selección  de  los  canditatos  al  estaje  en 
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nuestro  laboratorio,  so  basa  preferentemente  en  los  graduados 
de  las  escuelas  de  arte,  de  museologia,  de  física,  química  o 
bi omédicas,  las  tres  ultimas  basta  con  que  tengan  los  dos  pri^ 
meros  anos  básicos  (anexo  4)* 

El  regimen  de  trabajo  es  en  la  forma  de  es  tage  no  remunera 
do,  con  la  obligación  de  doce  horas  semanales*  Se  prevee  para 
la  totalidad  del  es tage  y  para  efecto  de  expedición  de  certifi 
cado  de  conclusión  expedido  por  la  dirección  del  museo,  un  total 
de  1600  horas  sin  interupciÓn. 

La  forma  de  enseñanza  se  basa  en  una  orientación  individual 
de  trabajo*  Las  actividades  básicas  del  laboratorio  en  su  comien 
zo  son  a  nuestro  entender  las  mismas  por  que  deban  empezar  las  ex 
peri encías  de  qualquier  entrenamiento*  Al  gradual  desarollo  de  la 
capacidad  del  laboratorio,  sube  el  nivel  de  dificultades  que  de 
berá  sobrepasar  el  estagiario.  En  sesiones  de  proposición  puestas 
de  tareas  o  de  comprobad ón  de  resultados,  hachas  colectivamente 
con  la  finalidad  de  promover  la  integración  de  experiencias  di 
versas,  vividas  al  mismo  tiempo*  En  estas  sesiones,  son  impartí 
dos  entonces  los  criterios  generales  de  conservación*  Cada  proble 
ma  en  particular  empieza  con  »ma  búsqueda  obligatoria  en  la  bibli£ 
grafía  correspondiente,  concluyendo  el  estagiario  en  esta  fase  las 
etapas  de  examen  de  materiales,  que  componen  el  objeto  en  estudio, 
su  naturaleza,  constitución,  formes  de  alteración,  para  establecer 
su  grado  de  conservación*  Se  ha  dado  por  primera  vez  en  el  museo, 
la  importancia  a  la  documentación  de  los  trabajos  de  conservación, 
con  un  sentido  de  regularidad,  en  el  que  participa  activamente  el 
estagiario* 

En  los  primeros  once  meses  de  experiencia,  el  estagiario  tiene 
la  oportunidad  de  pasar  por  todas  las  experiencias  con  los  más 
diversos  materiales*  Los  once  meses  restantes,  el  estagiario  adjs 
rnás  de  sus  obligaciones  en  las  tareas  de  naturaleza  común  a  todos, 
tendrá  la  oportunidad  de  de ser ollar  un  trabajo  suyo  en  una  de  las 
muchas  especialidades  y  defender  su  propuesta*  A  este  trabajo,  jun 
tómente  con  la  observación  de  su  grado  de  interés  vocacional  se 
atribuye  un  concepto  o  nota  final» 

Ponemos  de  manifiesto  la  importancia  que  tiene  en  nuestro  tra 
bajo  de  formación  de  nuevos  técnicos,  la  contribue! ón  efectiva  de 
una  bibliografía  constantemente  al  dia* 

Nuevas  informaciones  proporcionadas  por  nuestros  colegas,  ob 
tenidas  en  cursos  de  especialización  en  los  centros  de  conservación, 
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nuevas  soluciones  con  materiales  tradicionales,  son  de  gran 
importancia.  Asi  es  que  ya  ponemos  en  ejecución  un  programa 
de  conferencias,  la  primera  ha  tenido  lugar  a  la  llegada  a 
Brasil  del  Prof*  AI mir  Paredes  después  de  su  e 3 tage  en  Li£ 
boa.  Tenemos  programada  una  charla  con  el  Prof.  Olinio  Coel 
ho  que  ha  estado  trabajando  en  el  Centro  de  Roma.  Estamos 
también  seguramente  interesados  en  que  los  especialistas  de 
la  UBI  SCO  que  visitan  profe  sbnalmente  países  de  Latinoamórl 
ca,  se  detengan  también  por  algún  tiempo  en  Brasil,  ya  sea 
pronunciando  conferencias  o  estudiando  juntamente  con  nosot_ 
ros  problemas  específicos  de  nuestra  región. 


4-  INTERCAMBIO 


Hemos  ya  puesto  de  relieve  en  este  trabajo,  la  impor 
tancia  del  intercambio  con  los  demás  Centros  ocupados  con 
la  Conservación  de  los  Bienes  Culturales  de  la  humanidad. 

A  nivel  regional,  logramos  un  contacto  más  estrecho  con 
algunos  de  nuestros  colegas  aunque  bastante  separados  por 
las  distancias.  Contactos  personales  por  correspondencia  o 
incluso  por  telefono,  nos  hacen  prever  para  dentro  de  un 
tiempo  no  muy  lejano,  una  reunión  de  ámbito  nacional  de  con 
servadores. 

Es  importan-te  una  estrecha  colaboración  con  los  diversos 
institutos  principalmente  con  los  científicos  de  la  univers i^ 
dad,  tanto  por  la  contribución  en  esta  area,  cuanto  por  la 
indispensable  colaboración  de  la  critica  estática  e  históri 
ca. 


4.1-  VINCULACIONES  INTERNACIONALES 

El  laboratorio  de  Conservación  y  Restauro  del  Museo  Nació 
rmi  de  Bellas  Artes  esta  asociado  en  calidad  de  miembro  insti 
tuoional  con  el  International  Institute  for  Conservation.  Por 
su  actuación  en  el  plano  de  la  preservación  de  los  bienes  cul 
tur  ale  s  de  la  humanidad  aunque  modestamente,  espera  recibir  de 
los  demás  centros,  la  atención  a  su  solicitud  de  adhesión.  Esta 
solicitud,  significa  para  nosotros  más  que  nada  un  gran  incen 
tivo  de  actualización  y  no  podemos  olvidar  que  nuestros  objet! 
vos, incluyeron  notoriamente  la  formación  de  una  nueva  genera 
ción  de  equipos  de  técnicos  en  conservación. 
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Conservation  Laboratory 
Western  Australian  Museum 
Francis  Street 

PERTH,  W.A.  6000  AUSTRALIA 
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Un  laboratoire  pour  le  traitement  du 
matériel  sous-marin. 


Synopsis. 

En  le  gouvernement  de  l’Australie  Occidentale  a  adopté  un  acte  dont 

le  but  est  de  protéger  les  débris  des  navires  naufragés  pre3  de  ses  cotes. 

Parmi \  les  navires  naufragés  il  y  a  quatre  vaisseaux  qui  ont  appartenu  à  la 
Compagnie  des  Indes  Orientales  Néerlandaises:  le  Batavia  (naufragé  en  1629), 
le  Vergulde  Draeck  (naufrage  en  1 656) ,  le  Zuitdorp  (naufragé  en  1 71 2)  et  le 
Zeewyk  (naufragé  en  172?),  ainsi  qu’un  vaisseau  anglais  le  Tryal  (naufragé  en 
1622).  Il  y  a  aussi  un  nombre  de  navires  coloniaux  naufragés  av?  t  1900. 

Selon  cet  acte  le  Musée  de  l’Australie  Occidentale  (the  Western  Australian 
Museum)  est  responsable  pour  les  débris  de  ces  vaisseaux  et  pour  le  matériel 
regagné.  Un  arrangement  récent  entre  les  Pays-Bas  et  l’Australie  a  cédé  tous 
les  droits  sur  les  navires  néerlandais  au  gouvernement  australien  avec  la 
stipulation  qu’une  partie  du  matériel  regagné  sera  retournée  aux  Pays-Bas.  Le 
Musée  de  l'Australie  Occidentale  a  la  responsabilité  d’examiner  les  sites,  d' 
excaver  les  débris  et  de  conserver  et  de  préserver  le  matériel  regagné. 

Il  est  futile  de  conduire  une  excavation  archéologique  sous-marine  sans  avoir 
la&^mpyens  de  traiter  les  objets  sauvés.  Or,  un  Laboratoire  de  Conservation  et  de 
J£*atauratioar  a  été  établi  pour  le  traitement.  Le  Laboratoire,  à  présent  ayant 
10  employés,  est  bien  pourvu  scientifiquement  pour  traiter  le  matériel  regagné. 
.Celui  comprend  des  objets  en  bois,  en  os,  en  pierre;  des  céramiques,  des  tissus, 
du  cuir  et  du  métal. 

Le  Laboratoire  consiste  des  sections  de  conservation  et  de  préservation,  ainsi 
qu’une  section  de  photographie  et  un  atelier.  Il  y  a  des  cuves  pour  emmagasiner 
le  matériel  regagné  et  des  facilités  pour  le  traitement  des  objets  aussi  grands 
que  les  canons  et  les  ancres. 


A  CONSERVATION  LABORATORY  FOR  THE  TREATMENT 

OF  UNDERWATER  MATERIAL. 

•  ,  r  '  / 

Introduction 

Off  the  coast  of  Western  Australia  lie  the  remains  of 
many  wrecked  ships.  Although  this  is  typical  of  Australian 

coastal  waters,  what  is  significant  is  that  at  least  five  of 

\ 

these  wrecks  pre-date  by  up  to  150  years  the  better  known 
discovery  of  the  east  coast  of  Australia  by  James  Cook  in 
1770  and  the  subsequent  colonising  by  the  English. 

In  the  seventeenth  century  the  Dutch  were  a  great 
trading  nation  and  through  their  trading  companies  had  posts 

i 

scattered  as  far  apart  as  the  West  Indies,  Africa  and  the  Orient. 

From  1611  when  the  vessels  of  the  Dutch  "Vereenigde  Oost  indi  sehe 
Compagnie"  (known  as  the  United  East  India  Company  and  referred 
to  as  the  V.O.C.)  left  the  coastal  route  to  the  East  Indies  via 
Africa  and  India  for  the  preferable  "roaring  forties"  route, 

"they  sailed  towards  the  coast  of  Western  Australia  before 
veering  north.  This  resulted  in  at  least  four  shipwrecks  off  the 
Western  Australian  coast  (Fig  1)  with  one  of  them-’,  the  wreck 
of  the  Batavia  in  1629  off  Beacon  Island  in  the  Wallabi  Group, 

Houtman  Abrolhos,  being  infamous  for  the  mutiny  and  massacres 
which  followed.  The  remaining  known  V.O.C.  wrecks  are  the 
Vergulde  Draeck  (1656)  about  96  km  N  of  Perth  and  approximately 
5  km  out  to  sea,  the  Zuytdorp  (1712)  at  the  base  of  cliffs 
approximately  65  km  N  of  the  mouth  of  the  Murchison  river  and 
the  Zeewyk  (1727)  off  Gun  Island  in  the  Pelsart  Group,  .  Houtman 
Abrolhos.  The  earliest  wreck,  believed  to  be  the  English  vessel 
the  Tryal  was  wrecked  in  1622  in  the  vicinity  of  the  Montebello 


I  si ands . 
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ví>> 


to  these  there  are  several  hundred  colonial 
pre  1900)  vessels  recorded  as  being  lost  off  the  coast  of 
Western  Australia. 

The  discovery  and  later  identification  of  these  „recks 
-  particular  the  Vergulde  Draeck  and  Batavia  in  the  early  ' 
«60s,  led  to  intense  activity  by  skindivers,  especially  „hen 
alxsed  that  the  vessels  had  carried  silver  coins  on 
The  recovered  material  included  objects  of  metal, 
ceramics,  glass,  wood,  bone,  stone  and  possibly  leather 
however ,  the  lach  of  conservation  facilities  for  this  mlterial 
the  fact  that  a  great  deal  of  it  had  no  commercial  value, 
resulted  in  the  destruction  of  fragile  and  historically  signif. 

Pf  materla1'  In  additi0"’  “II  «»•  wreck  sites  show  damage 

A  Xth*  “"I  0"  haph—d  excavation  techniques. 

- 

of  Australia  Navigation  Act  of  1911  which  althn  a 
[,  :  •  ,  wnicn  although  containing 

¡some  provisions  concerning  shipwrecks  is  held  to  be 

irrelevant  for  the  control  of  submarine  archaeological  sites 

comprising  the  remains  of  ships  or  their  contents  lost 

before  the  Commonwealth  of  Australia  camq  into  existance 

in  1901.  This  in  fact  includes  virtually  all  the 

of  historical  significance  to  Western  Australia.  Therefore, 

“  1964  thS  WSStern  Australian  Museum  „as  made  responsible  ’ 

for  the  recovery  and  conservation  of  these  wrecks  by 

Western  Australian  State  legislation  (the  Museum  Act,  1959-64,. 

This  was  revised  in  1969  (the  Museum  Act,  1969,  detailed  in 
Appendix  1 ) . 

"this  Ac t ,  two  clásspí  o-f  v  -  . 

,  wo  Liasses  of  historic  wreck  (which 

includes  the  remains  of  shins  anH  h- 

P  and  disassociated  material) 

recognised. 


are 
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These  are  : 

(a)  the  remains  of  ships  detailed  in  the  Schedule 

to  the  Act  which  includes  all  V.O.C.  wrecks,  the 
Tryal  plus  a  colonial  wreck,  the  Cottesloe  Wreck. 

(b)  all  ships  lost  before  1900  sind  lying  in  the  terr¬ 
itorial  waters  of  the  State  of  Western  Australia. 


A  person  discovering  a  possible  class  (b)  wreck  must 
report  it  to  the  Trustees  of  the  Western  Australian  Museum. 

If  after  investigation  it  is  shown  to  be  an  historic  wreck  of 
significance,  the  State  Minister  responsible  for  the  Museum 
may  decide  to  vest  it  in  the  Trustees  of  the  Museum.  It  is 
then  treated  as  though  it  were  a. class  (a)  wreck.  Alternative^ 
may  decide  that  it  is  not  worthy  of  vesting  and 

sions  of  the  Act  will  be 
tte. 

of  a  reward  up  to  A$2000 


reporter 


wrecks 


**  ’  '  ? í  -'.7  V  ■ 

-  -  current  gold  or  silver  value  of  coin 


or  bullion  shall  be  paid  to  reporters  of  wrecks  from  which 
■i-t  is  recovered.  Penalties  including  imprisonment  are 
included  for  violation  of  the  Act. 


Although  this  Act  makes  it  legally  possible  to  protect 
historic  wrecks  it  is  very  difficult  to  actually  enforce. 
Blasting  and  looting  of  the  Vergulde  Draeck  wreck  site  and 
also  the  Tryal  has  occurred  since  the  passing  of  legislation; 
several  prosecutions  have  been  initiated  but  to  date  no 
convictions  have  been  obtained.  The  Museum  therefore 
relies  upon  a  wreck  supervision  programme  for  security 
using  its  own  personnel  as  well  as  the  assistance  of  local 


skin-  diving  clubs.  The  necessity  for  good  public  relations 
between  the  Museum  and  these  Clubs  cannot  be  overstressed 
as  here  are  the  people  most  likely  to  find  new  wrecks  and 
with  the  opportunity  to  remove  material  from  existing  known 
wrecks.  Co-operation  is  achieved  most  successfully  through 
the  organisation  of  combined  diving  expeditions. 


>  Due  to  various  challenges  to  the  validity  of  the 

Museum  Act  another  step  taken  to  protect  the  wrecks  has 
been  achieved  by  the  Netherlands  Government  transferring  to 
the  Australian  Commonwealth  their  title  to  the  V.O.C.  wrecks 


.TtV'i 


off  the  Western  Australian  Coast 


.  ’  tj*  ; 


Ever  since  the  discovery  of  the  wrecks  The  Netherlands 

.....  ;  l  •  v  ■ 

S;^Go^I^ment>  a&/the.  lega!  successor  to  the  V.O.C.  ,  although 

of  the; wrecks  has  always  indicated  its 
tians^^i  thi s. right’  to  the  Commonwealth 

r-í; 

&  w Government  on.  the  understand!  no 


on  thé  understanding  that  The  Netherlands  will 

IdS  1  ^ ..  .  ...  M  .. 1 — . .  . .  .  .v.  1 


■* ./receive  a  share  of  the  recovered  mat^iàl.* 

t '  \!  ’  v  v  '  '  vr  ■ 

The  Deed  of  Transfer  and  Agreement  between  The 


V  f  •  *s 

Netherlands  and  Australia  concerning  old^Dutcb-  Shipwrecks 


has  how  been  signed  and  will  operate  under  the  following 

’ÿs/o-v  '  •- 

5  principles  :  .  r  *. 


1.  The  Netherlands  will  transfer  to  .the  Australian 
Commonwealth  all  its  right,  title  and  interest  in  and 
to  the  wrecks  of  former  vessels  of  the  V.O.C.  lying 
on  or  off  the  coast  of  Western  Australia,  and  in  and 
to  any  articles  recovered  from  the  wrecks  including 
articles  already  recovered  and  in  possession  of  the 
State  of  Western  Australia  and  its  authorities  and 
also  articles  recovered  before  the  Museum  Act. 
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i  4  y  v  ;  i 
fc***4; 

c\\  ,  y 


2.  The  historic  wrecks  are  the  national  heritage  of 
both  Netherlands  and  Australia.  Therefore  a  committee 
comprising  two  persons  nominated  by  the  Commonwealth 
and  two  by  the  Netherlands  will  be  set  up  to  determine 
the  disposition  and  subsequent  ownership  of  articles 
recovered  from  the  wrecks. 

As  the  cost  of  recovery  of  the  articles  far  '' 

exceeds  their  intrinsic  or  antiquarian  value  then 
this  expenditure  can  only  be  justified  on  the  basis  ' 

of  the> historic  importance  of  the  material.  This 

means  firstly  that  a  representative  collection  of 

¡fjfll the  T60*1  ."aterlal  sh°ul<l  be  deposited  in  the  Museums  ; 
g|g^f  ;bfth  The  Netherlands  and  Australia  and  secondly, 

material  should  : 

V P01"1  ,wifre-  torians  are  not 

necessary. 

__  WÊm. 

The 

.  bulk  of  the  material  will  in  fact  be  held  in  the 

Western  Australian  Museum.  The  institutions  receiving 
*  •  ■  '  “  '  :  material  will  be  expected  to  contract  hot  to  disperse 

I  l  it  further  and  to  agree  to  allow  its  «assembly  for 

r study.  ’  ; 
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Necessity  for  a  Conservation  Laboratory 

Having  been  given  responsibility  by  the  state  for 
historic  wrecks  in  1964,  the  Western  Australian  Museum 
recognized  that,  for  the  safety  of  material  in  the  wrecks 
which  was  liable  to  be  unlawfully  excavated,  it  must 
quickly  set  up  a  marine  archaeological  programme  to 
systematically  carry  out  excavation  of  the  wreck  sites.  \ 

The  wrecks  soon  began  to  yield  large  quantities  of  material  ‘ 
including  iron,  wood,  ivory,  and  some  leather  which  if  not 
treated  and  stabilised  immediately  following  excavation 
I  'tT  raPÍdly  deterior*te.  Therefore  exercise  of  responsibility 

i^“  inClU<^a  nced  £°r  a  wel1  staffed  and  equipped  conservation 

laboratory  trpaÄ  _ _  ■  .  .  _ 


*9,:  treaty  recovered  material . 

'£*SäLiL-9&' 


conserved 

the  N€?therlandaF  and  Australia 

^  concerning  the  ownership  and 

recovered  from  the  V.O.C,  wrecks  says  nothiha  about  the 
p ^««r^ation  and  restoration  of  the,  material  Wch  is  to 
Altho*9b  Australia  has  contracted  that  the 
V  c°s^  of  -search  and  recovery  will  not  be  paid  for  by  Holland, 
it -is  to  be  hoped  that  the  Western  Australian  Museum  will  not 
,  be  asked  vto  pay  the  total  cost  of  conservation  and  restoration. 
^The;  ®aj°rity  of  material  recovered  requires  urgent  treatment 
and  we  consider  thatit  would  be  unwise  to  adopt  a  policy 
to  apply  only  ^temporary  stabilisation  treatment  on  recovery, 
with  the  result  that  the  material  designated  for  the  Netherlands 
would  be  delivered  to  that  country  where  it  would  be  given  a 

h  . 
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final  treatment.  We  are  of  the  opinion  that  all  the  material 
should  be  completely  conserved  and  restored  in  Australia. 

This  will  place  a  heavy  load  on  the  staff  and  facilities 
of  the  Western  Australian  Museum  Conservation  Laboratory 
and  it  is  hoped  that  the  Dutch  Museums  will  recognize  this 
load  and  help  to  beau:  it. 

It  can  therefore  be  seen  that  commencing  in  1964  it 
was  imperative  for  the  Western  Australian  Museum  to 
establish  a  conservation  and  restoration  laboratory  to 
^  support  the  marine  archaeology  programme.  The  matter  now 
-become s  one  of  international  museological  importance  as 

Br  V  *r 

the  result  of  the  recently  signed  Dutch/Australian  Agreement 

•  H';.  i  Í  'r'  '<  •  ;  V  'i 

will,  almost,  certainly  require  the  laboratory  to  treat 

‘  the  matéala!  for  Dutch  .Museums  as  well*.  : 

;<  :  ■  -.'-'S?  !„  .  iK 

'  ■  VH*  '  ■ 

*r-  ■?.  ?*'  ;^y.  .'-v  ’  '  -V  *-  .  j 

Establishment  of  the  Conservation  Laboratory  v  *j?  ¿  ¿' 

-T"  "  "  ? 

^  ‘  -  .  ■  *.  -,  ;  'î  :  -*v  -s-^v;  -A'-  -•  '  '  ' 


pm 


j.  --  >  -• 

'/  Z.  i 


?..  <v: 


'..s?r  tvThe  Musen»  èarly  sought  the  co- opérât i ott  of  the  Dutch 


Government  who  sent  out  to  Australia  an.  expert*  Mr  G.D.  vain 


der  Heide  to  advise  on  excavation  andcconservati on 'techniques. 


MS  •, 


Following  Hr  van  der  Heide’ s  recommendation^,  the  Museum 
sent  to  him  two  staff  members  for  training  in  Holland  under 
his  guidance.  One  of  these  Mr  H.  Bingham  a  former  naval 
Petty  Officer  Clearance  Diver  was  trained  to  lead  the  diving 
team  in  excavation  work  andin  late  1969  the  other,  one  of  the 
authors  (Car)  was  trained  in  conservation  and  restoration 
techniques  applicable  to  underwater  material. 
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Although  these  „ere  small  beginnings  „ith  the  same 
persons  diving,  surveying,  excavating  and  treating  the 
recovered  material,  from  them  subsequently  developed 
well  established  marine  archaeological  and  conservation 
departments  within  the  Western  Australian  Museum. 

The  Department  of  Marine  Archaeology  now  has  a 
g  team  of  nrne  led  by  a  trained  marine  archaeologist  ' 
Mr  J.  Green,  formerly  of  the  Research  Laboratory  for 
,  .  ,  Archaeology  and  the  History  of  Art  in  Oxford.  They  are 

b0at  And  other  small  craft,  magnet- 
/  ,  ometry  and  metal  detecting  equipment,  air ' lift  pumps  etc, 

•  that  lS  reqUired  to  '¿Try 'out  a  sophisticated 

'ÿfm. '^"strated 

(Eluding  g  ;  "  , 

t^%0^‘^?ÄwaS|'reco''ere^  lift*“ months  ; 

i^fty°r9Ulde’ -^raÄ  ^ inciuded-' 

s-eS-*«  ''g^¥Ä0t%%iv,?°!^?:tS;i#“d^»j‘Wri.fragmented  -  7  ■■ 

>  \  ;  *  WfÇ.shoe  animal  bones, 

;  elephant  tus*s,  7,000  silver  coins  and  over  8,000  ballast 

§£' ^**V*^0"  «fo®P«>léd  by  an  extensive 
‘a-*^'d:.detaile^  survey  of  the  wreck  site.  ■  V. 

During  the  same  period  the  staff  of  the  Conservation 
'%  ^°rat0ry  has  increased  to  ten,  with  facilities  for  treating 
■  the  extremely  varied  typ%f  ¿aterirá  recovered  from  the  sea.  . 

j  The  Head  of  the  Laboratory  C.  Pear'son,  a  corrosion 

scientist,  is  assisted  by  a  physical  chemist  Dr  P.  Colombera 
who  is  responsible  for  the  analytical  facilities  of  the 
Laboratory.  Although  rather  rudimentary  at  present  it  is 
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hoped  that  they  will  soon  be  upgraded  by  the  introduction 
of  atomic  absorption  spectrophotometry  and  x-ray  diff¬ 
raction  equipment.  These  facilities,  along  with  x  ray 
fluorescence  are  at  present  provided  by  outside  organisat¬ 
ions.  With  the  assistance  of  a  graduate  metallurgist  who 


is  studying  the  properties  and  conservation  of  underwater 
iron,  plus  two  other  technical  assistants.  Dr  Pearson  apart 
from  being  responsible  for  the  Laboratory  as  a  whole  is 
,r  chiefly  concerned  with  the  conservation  part  of  the  work. 

.  This  covers  the  cleaning  (e.g.  the  removal  of  encrustations 
and  tíorrosioíi  products)  of  objects  recovered  from  the  sea 
&  ¿óllweüpy  their  stabilisation  (e.g.  electrolytic  reduction 

further  deterioration.  Restoration  is 
£'.*  *Car  w3,th  the  assistance  of 
0Íl^S^c^Íss¿sta¿tó:  eThis -includes  Mrs  R.  Car, 
W?&kÉÊT&ï0'£*xïie  Central  Conservation  Laboratory  m  Amsterdam, 


the  restoration  of  textiles. ^Although 


fe  restoration  work  is  not  always  carried  oiit  on  an  object  it 


5 does  include  repairing  broken  ceramics,?  re-shaping  and 


ÿ patching  metaï  objects  and  also  the  manufacture  of  replicas, 
material  at  present  being  treated  covers  ceramics. 


glass,  bone,  ivory,  metals,  leather,  stone,  »dod  and 
textiles. 

'if  The  Conservation  Laboratory  is  divided  into  conservation, 
restoration  and  workshop  areas.  The  laboratory  facilities 
include  pH-mV  meters,  conductivity  meters,  metallurgical 
microscope  and  polisher,  stereoscope  microscopes,  ultra-sonic 
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cleaners,  electrolytic  reduction  unit,  radiographic 
facilities,  air abrasive  unit,  dental  equipment  for 
restoration  work  and  other  general  laboratory  equipment. 
There  are  also  photographic  and  darkroom  facilities  for 
the  routine  photography  of  objects  before,  during  and  after 
treatment.  The  workshop  area  contains  a  well  equipped 
workshop  and  also  large  tanks  and  heavy  lifting  facilities 
for  the  treatment  of  large  iron  objects  including  cannon 

4Í*  ■;  ~ 

and  anchors.  Other  equipment  for  this  work  includes  a 


'••eT 


transformer  rectifier  (200A,40V)V  water-deioniser  (7001/h) 


fur»  to  1200°C)  for  thermal  treatment  studies. 


with  underwater  excavations  is 

ther  and  sea 
oft,’  but 

mount  of.  material  (e.g.9000  kg 


in . thr^e  month 


is  not 
must  be 


the  material  immediarei 

.  '*  '  ;  .  **  ■  '  '  V  ’• 

STorea  in  a  stable  environment,  therefore  outside  the 
Laboratory  are  14  large  storage  tanks  to  accommodate  bulk 
:  material.  Some  of  these  contain  fungicide  treated  water 


the  storage  of  wood  and  bone,  others  are  available  for 
the  storage  of  large  iron  objects  such  as  cannon  and  anchors 
The  aqueous  storage  of  iron  objects  is  a  serious  problem 

as  they  will  continue  to  corrode  if  stored  in  uninhibited 

T 

solutions.  Research  into  the  requirements  of  primary 
-  storage  environments  is  currently  being  carried»  out  in  the 


Laboratory. 
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Other  projects  being  investigated  include  a  study  of 
the  properties  and  deterioration  of  silver  coins  and  their 
relation  to  subsequent  electrolytic  reduction  cleaning 
techniques.  A  study  of  cleaning  and  also  restoration 
techniques  for  coral  encrusted  ceramics  and  glassware, 
and  the  treatment  of  seawater  -  logged  leather.  There  is 
also  a  major  research  project  into  the  properties,  deter¬ 
ioration  and  subsequent  treatment  of  underwater  iron. 

Although  the  Laboratory  is  staffed  and  equipped  for 
specialising  in  the  conservation  of  marine  archaeological 
material,  it  is  also  responsible  within  the  Museum  for 
historical  colonial  material  and  ethnographic  material 
including  aboriginal  rock  paintings  and  engravings.  It  also 
provides  a  monitoring  and  advisory  service  concerning  the 
museum  environment  for  storage  and  display  plus  a  scientific 
and  analytical  service  to  all  museum  departments. 
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APPENDIX  1 


EXTRACTS  FROM  THE  MUSEUM  ACT  1969  RELATING 

TO  HISTORIC  WRECKS 

Section  6 

"historic  wreck"  means 

(a)  any  ship  mentioned  in  the  Schedule  to  this  Act; 
and 

(b)  any  other  ship  that  was,  or  appears  likely  to  have 
been, abandoned,  wrecked  or  stranded  before  the  year 
nineteen  hundred  and  that  is  lying  below  low  water 
mark  in  the  territorial  waters  of  the  State  that 
has  not  been  declared  under  section  41  of  this  Act 
as  not  being  an  historic  wreck  for  the  purposes  of 
this  Act, 

and  any  part  of  the  hull,  equipment,  machinery,  weaponry 
or  other  article  of  any  class  or  kind  belonging  to, 
separated  from,  or  that  came  from  any  such  ship  and  that 
is  so  lying. 


PART  V.  -  HISTORIC  WRECKS 

38.  Without  affecting  the  generality  of  section  20  of  this 
Act,  the  Museum  Trustees  may  - 

(a)  with  the  approval  of  the  Minister,  pay  to  a  person, 
who  first  notifies  them,  as  provided  by  section  39 
of  this  Act,  of  the  finding  of  an  historic  wreck 

of  which  the  existence  was  not  previously  known  to 
the  Trustees  an  amount  not  exceeding  two  thousand 
dollars  ; 

(b)  pay  to  a  person,  who  at  their  request,  delivers 
to  them  an  historic  wreck,  the  expenses  properly 
incurred  by  him  in  recovering  and  obtaining 
possession  of  the  wreck  and  an  allowance  for  the 
work  done  in  that  regard,  based  on  a  rate  determined 
by  the  Trustees  prior  to  its  being  commenced; 

(c)  take  possession  of  a  wreck  that  is  vested  in  the 
Museum  pursuant  to  this  Act,  enter  into  an  agree¬ 
ment  for  the  recovery  or  partial  recovery  of  the 
wreck  or  any  part  of  the  wreck,  and  with  the  app¬ 
roval  of  the  Minister ,  expend  such  amount  in  that 
regard  as  is  properly  payable; 

(d)  take  such  steps  as  may  be  necessary  or  desirable 
to  recover,  preserve  and  display  an  historic  wreck 
vested  in  the  Museum; 

and 

(e)  promote  or  supervise  activities  aimed  at  the 
discovery,  recovery,  preservation,  study  and 
display  of  historic  wrecks. 
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39.  (1)  A  person  finding  an  historic  wreck,  other  than 

such  as  is  mentioned  in  the  Schedule  to  this  Act, 

(a)  shall  not  damage,  destroy  or,  except  for  the 
purpose  of  delivering  it  to  the  Trustees  at  their 
request,  remove  the  historic  wreck  or  any  part 
thereof  ;  and 

(b)  shall,  as  soon  as  practicable  after  the  finding, 
give  notice  of  it  in  writing,  to  the  Trustees. 

Penalty  :  Two  hundred  dollars 

(2)  A  person  wishing  to  receive  the  benefits  accruing, 
under  this  Part,  to  the  finder  of  an  historic  wreck  shall  mark 
the  position  of  the  wreck  with  a  buoy,  stake  or  cairn,  identified 
m  the  prescribed  manner  ;  and  the  Trustees  may  refuse  any  claim 
of  a  person  who  has  not  complied  with  the  requirements  of  this 
subsection, 

(3)  A  notice  given  pursuant  to  subsection  (1)  of  this 
section,  shall  - 

(a)  set  out  particulars  of  the  finder,  and  the  date 
of  the  finding,  of  the  historic  wreck; 

(b)  give  a  concise  description  of  the  historic  wreck 
and  particulars  of  the  buoy,  stake  or  cairn  (if 
any)  by  which  it  may  be  identified;  and 

(c)  give  the  location  of  the  historic  wreck. 

(4)  Where  a  person  is  in  doubt  as  to  whether  any 
property  that  he  has  found  is  an  historic  wreck,  he  may,  by 
notice  in  writing,  refer  the  question  for  decision  to  the  Museum 


Director  whose  decision  is  conclusive  but  shall  be  made  within 
twelve  months  of  his  receiving  the  notice  referring  the  question 
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or  within  such  further  time  as  the  Minister,  in  any  particular 
case,  directs  in  writing;  and,  where  a  person  referring  a 
question  to  the  Director,  pursuant  to  this  subsection,  gives 
the  information  required  under  subsection  (3)  of  this  section, 
he  is  deemed,  if  the  Director  decides  that  the  property  is  an 
historic  wreck,  to  have  given  the  notice  required  under  sub¬ 
section  (1)  of  this  section. 


(5)  A  person  who  wilfully  makes  a  false  statement  in 
any  notice  given  to  the  Trustees  pursuant  to  this  section 
commits  an  offence. 

Penalty  :  Two  hundred  dollars 

(6)  A  person  who,  not  being  the  finder  of  the  wreck, 
wilfully  moves,  removes,  defaces,  alters  or  otherwise  interferes 
with  a  buoy,  stake  or  cairn  placed  or  erected  at  or  over  a  wreck 
pursuant  to  this  section  or  removes,  damages  or  destroys  the 

-historic  wreck  or  any  part  of  it  commits  an  offence. 

Penalty  :  Two  hundred  dollars  or  imprisonment  for  three 
months  or  both  the  fine  and  imprisonment. 

40.  (l)  Where,  after  inspecting  any  wreck,  the  Director 

is  of  the  opinion  that  the  wreck  is  an  historic  wreck  and  is 
of  national  or  local  historical  interest  or  is  of  scientific, 
archaeological,  educational  or  other  special  national  or  local 
interest,  he  shall  advise  the  Trustees  accordingly  and  the 
Trustees  may  recommend  to  the  Minister  that  the  historic 
wreck  be  vested  in  the  Museum,  on  behalf  of  the  Crown, for 
the  purposes  of  this  Act. 
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(2)  If  the  Minister  approves  of 
the  Trustees  made  under  subsection  (1) 
Governor  may,  by  Order  in  Council,  vest 
in  the  Museum. 


a  recommendation  of 
of  this  section,  the 
the  historic  wreck 


(3)  The 
this  Act  are, 
Museum . 


historic  wrecks  mentioned  in  thé  Schedule  to 
by  force  of  this  subsection,  vested  in  the 


(4)  Compensation  is  not  payable  to 
reason  that  an  historic  wreck  is  vested  in 
to,  or  by  operation  of  this  Act, 


any  person  by 
the  Museum  pursuant 


(5)  Notwithstanding  the  provisions  of  subsection  (4) 
of  this  section,  but  subject  to  the  Banking  Act,  1959  of  the 
Parliament  of  the  Commonwealth,  where  any  gold  or  silver  coin 
or  bullion  is  recovered  from  an  historic  wreck  that  was 
notified  to  the  Trustees  pursuant  to  section  39  of  this  Act 
and  is  subsequently  vested  in  the  Museum,  the  Trustees  shall 
pay  to  the  person  who  first  notified  the  Trustees  of  the 
finding  of  the  historic  wreck  the  market  value  in  the  state 
of  the  metal  content  of  the  gold  or  silver  in  coin  or  bullion 

as  at  the  time  the  wreck  was  notified  to  the  Trustees  by  that 
person. 

(6)  A  person  who  - 

(a)  without  the  consent  of  the  Trustees,  in  any 
way  alters,  removes,  destroys  or  in  any  way 
deals  with,  or  assumes  the  custody  or  control 
of,  an  historic  wreck  vested  in  the  Museum 
pursuant  to  this  section  ; 

(b)  having  the  consent  of  the  Trustees  to  do  any 


-  b  - 


of  the  things  mentioned  in  paragraph  (a)  of 
this  subsection,  is  in  breach  of  any  condition  to 
which  the  giving  of  the  consent  was  subject,  or 
(c)  impedes  or  hinders,  or  endeavours  in  any  way  to 
impede  or  hinder,  any  member  of  the  staff  or 
employee  of  the  Museum  or  any  person  acting  with 
the  authority  of  the  Trustees  who  is  inspecting, 
recovering  or  otherwise  dealing  with  an  historic 
wreck,  whether  vested  in  the  Museum  or  not, 
commits  an  offence. 

Penalty  :  Two  hundred  dollars  or  imprisonment  for  three 

months  or  both  the  fine  and  imprisonment. 


41.  (1)  Where,  after  inspecting  an  historic  wreck,  the 

Director  is  of  the  opinion  that  the  wreck  is  not  of  national 
or  local  historical  interest  or  of  scientific,  archaeological, 
educational  or  other  special  national  or  local  interest,  he 
shall  advise  the  Trustees  accordingly  and  the  Trustees  may 
recommend  to  the  Minister  that  the  provisions  of  this  Part 
should  no  longer  apply  to  the  wreck. 

(2)  If  the  Minister  approves  of  a  recommendation 
made  under  subsection  (1)  of  this  section,  he  may  authorise 
the  Trustees,  by  notice  in  the  Government  Gazette,  to  declare 
that  the  wreck  specified  is  not  an  historic  wreck  for  the 
purposes  of  this  Act. 
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(1)  Subject  to  subsection  (2)  of  this  section, 
where  a  person  has  in  his  custody  or  under  his  contro! 
any  object  that  belonged  to,  or  „as  taken  or  recovered  from, 
an  historic  „reck  mentioned  in  the  Schedule  to  this  Act  and 
which  „as  taken  or  recovered  from  the  territorial  waters 
of  the  State  below  low  water  mark, before  the  eighteenth  day 
of  December,  nineteen  hundred  and  sixty-four,  he  shall  forth 
with  send  notice  in  writing  to  the  Director  of  that  fact. 
Penalty  :  Two  hundred  dollars. 


(2)  The  provisions  of  subsection  (1)  of  this  section 
do  not  apply  to  a  person  who  has  in  his  custody  or  under 
his  control  an  object  referred  to  in  that  subsection  if  - 

(a)  that  or  some  other  person  has,  before  the 
coming  into  operation  of  this  Act,  given  notice 
m  writing  to  the  Director  as  required  by  sub¬ 
section  (1)  of  section  20C  of  the  Museum  Act, 
1959-1964,  in  relation  to  that  object;  or 

(b)  that  or  some  other  person  has  previously  given 
notice  in  writing  to  the  Director  as  required  by 
subsection  (1)  of  this  section  in  relation  to 
that  object. 

In  any  proceedings  for  an  offence  against  sub- 
of  this  section  the  fact  that  - 
the  object  to  which  the  proceedings  relate  was 
taken  or  recovered  from  the  territorial  waters 
of  the  State  below  low  water  mark  before  the 
eighteenth  day  of  December,  nineteen  hundred  and 
sixty  four  ;  and 


(3) 

section  (1) 
(a) 
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(b)  no  notice  as  described  in  paragraph  (a)  or 
(b)  of  subsection  (2)  of  this  section  has 
been  given  in  relation  to  the  object, 
shall  be  deemed  to  be  proved  in  the  absence  of  proof  to 
the  contrary. 

(4)  Where  - 

(a)  the  Director  has  received  notice  in  writing 
from  a  person  pursuant  to  subsection  (1)  of 
this  section  in  relation  to  an  object;  and 

(b)  the  Director  is  of  opinion  that  the  object  is 
likely  to  be  of  national  or  local  historical 
interest  or  of  scientific,  archaeological, 
educational  or  other  special  national  or  local 
interest , 

the  Director  may,  in  writing,  notify  the  person  accordingly. 

(5)  A  person  to  whom  notice  is  given  by  the  Director 
under  subsection  (4)  of  this  section  - 

(a)  shall  not  sell,  purport  to  sell,  destroy  or 
otherwise  dispose  of  the  object  to  which  the 
notice  relates,  until  he  has  sent  to  the  Director 
notice  m  writing  of  his  intention  and  has  obtained 
the  written  permission  of  the  Trustees  to  do  so; 
and 

(b)  shall,  if  required  by  the  Trustees,  produce 
the  object  to  them  at  such  reasonable  time  as 

is  specified  by  them  for  inspection  and  possession 
by  them  for  the  purposes  of  subsection  (6)  of  this 


section . 


(6)  Where,  after  inspecting  any  object  produced 
pursuant  to  paragraph  (b)of  subsection  (5)of  this  section, 
the  Director  is  of  the  opinion  that  it  is  of  national  or 
local  historical  interest  or  of  scientific,  archaeological, 
educational  or  other  special  national  or  local  interest, 
the  Trustees  may  continue  in  possession  of  the  object  for  a 
period  of  thirty  days  or  for  such  longer  period  as  the  person 
producing  it  and  the  Trustees  may  agree  upon,  for  the 
purpose  of  photographing,  copying,  or  otherwise  obtaining 
a  record  of,  the  object  and  investigating  the  extent  of  any 
such  interest  that  the  object  may  have. 

(7)  At  the  expiration  of  the  period  mentioned  in 
subsection  (6)  of  this  section,  the  Trustees  shall,  unless 

they  and  the  person  producing  it  otherwise  agree,  return  the 
object  to  him. 

(8)  Where  the  Trustees  have  made  a  record  of  an 
object  as  provided  by  subsection  (6)  of  this  section  or  do 
not  require  to  make  a  record  of  the  object  they  shall  by 
authority  in  writing  permit  the  object  to  be  sold,  destroyed 
or  otherwise  disposed  of  by  the  person  producing  it. 

(9)  A  court  convicting  a  person  of  an  offence 
against  subsection  (1)  or  subsection  (5)  of  this  section 
shall,  m  addition  to  imposing  any  other  penalty,  order  that 
the  object  to  which  the  offence  relates  be  forfeited  to  the 
Crown  for  the  use  of  the  Trustees,  and  any  order  so  made  has 
effect  according  to  its  tenor. 
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necesidades  de  cada  eco ter. 

5-  SI  tiempo  de  duzaoión  del  «stágio  es  de  doce  meses, 
para  el  Setor  Técnico  e  de  Educación  e  de  Tinte  e  dos  meses 
para  el  Laboratorio  de  Conservación  e  de  Restauración* 

4»  Al  estagiario  le  toca  ejecutar  las  tareas  que  le  sean  deja 
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tinadas  por  Sfe  orientador,  en  les  plazoa  por  el  determinad op*  Di 
chas  tareas  consistirá^  sn  aotiridades  de  sanies»  naturaleza  re¬ 
gular,  a  las  de  la  Sección  respedtivu.  XI  estagiario  deberá  uesa- 
rollar  aun,  tona  origin  nul  de  investigación,  objeto  de 
a  la  orientación  en  ol  tiempo  pernal  destinado*  Sk  referida  jbn&ba 
Jo  da  investigación  será  objeto  de  apreciación  para  mesurar  ol 
grado  de  aprovechamiento  del  est  riarlo* 

5»  Re  os  permitido  a  qualquer  estagiario  firmar  documentos 

que  ne  tengan  relación  directa  con  su  trabajo  do  estágio  e  sin 

la 

previo  conocimiento  de  su  orientador*  Se  considera  transgresión 
a  esta  norma  motivo  do  interupoión  imedtata  del  est  agio. 

ó»  Una  vez  terminado  el  «stag lo,  el  estagiario  presentará 
a  la  ^lreooión  un  informo  dentro  de  un  mes  a  seguir  a  la  con¬ 
clusion  del  entrenamiento. 

7~  Un  otro  informe  deberá  ser  Mmetido  al  Museo  ?facional  de 
Bellas  Artes  dardo  cuenta  de  sus  trabajos  en  la  especialidad  e 
los  resultados  de  la  aplicación  de  sus  conocimientos,  después 
de  un  año  de  conclusión  del  entrenamiento. 

8-  Al  estagiario  no  es  permitido  el  ingreso  en  los  depósitos^ 
montage^  ds  exposiciones  Ü  ar  qui  vos  sin  previa  comunicación  e 
respectiva  aulorisación  de  su  orientador  o  responsable  por  el  ei3 
tagiario  directamente. 
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9-  Se  recoionda  al  estagiario  el  mayor  cuidado  con  los  obje 
tém,  aparatos,  instrumentos,  libros  ^  do  o  um  en  Laoión  puestos  a 
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su  disposición  por  e»  orientador.  En  el  caso  da  daño  sera  detrami 
nado  ©1  nontant©  a  ser  repuesto  por  el  estagiario,  comprobad*  su 
descaso* 

10-  El  estágio  en  la  forma  de  que  trata  el  presente  regulamiea 
to,  puede  ser  considerado  Interrompit! o  sin  oualquer  compromiso 
del  M*K*B.A*  toda  Tes  que  asi  juagar  Xm i  la  dirección  por  no  se 
haber  de  alguna  forma  observado  le  que  dispone  el  presente  docu¬ 
mento* 
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mz  sETTLELmrr  of  the  oonsievation  and  restoration 

LABORATORY  OF  THE  HUB  Iff  maiOIFL  DE  SETAS  ARTIS  - 
77 JO  BE  JANEIRO 


Announcement,  to  the  3thd  Meeting  of  the  Commitee  for  the 
Conservation  of  the  mI  C  0  M*  —  Conseil  Interna  ti  ona-2  des 
Musées  -  MADRID  1972 

by  SERIJO  CHIMARAIS  DE  LIM  (  responsible  for  the  Conserva¬ 
tion  Laboratory  of  the  MmN.B*Am  at  Rio  de  Janeiro 

of  the  Fine  Arts  Institute  of  S.C.  GB  State 
Filiation  to  the  ICCM  insc .  6237 
Filiation  to  the  ÍIC*  and  IIC  AGm 

SUMMARY 

jm  Sources  of  the  establishment  of  the  Rio  de  Janeiro  National 
Fine  Arts  Museum  Fa  trim  any*  The  dismemberment  $f  the  ortni 
nal  didactic  collection  for  the  settlement  of  the  Museum. 

2mj—  Problems  connected  with  the  conservation  of  thés  Patrie 
many .  The  restorer  arid  his  formation  in  the  painting  cour¬ 
ses  of  the  Fine  Arts  School.  The  degeneracy  of  the  forma  - 
tion  process  on  account  of  the  general  revolution  of  modern 
art  and  the  following  changements  at  the  teaching  methods. 

1*2-  Towards  professional  preparation  of  the  restorer *  levels 
must  be  observed f  such  ass  a)  regular /  b)  not  regular  / 
and  c)  specialised  —  Scholarships  abroad. 


2  -  Institution  of  a  Conservation  and  Restoration  Laboratory 
in  the  Rio  de  Janeiro  National  Fine  Arts  Ifuseum^  and  the 
training  of  specialised  staff ,  all  based  in  thh  determi  - 
nations  of  the  statement  entitled,  "Oompronisso  de  Brasi¬ 
lia  (  Appointment  at  Bras  il  ia)9  dated  april  1970  in 
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Madrid:  October  2-8,  1972 


G.Z.  Bykova  et  A.V.  Ivanova  -  Moscou 


PEINTURE  DE  CHEVALET  BN  DETREMPE  A  LA  COLLE 

MATIERES,  TECHNIQUE,  TRAITEMENT  DE  RESTAURATION 


A  la  fin  du  XIX  siècle  presque  toutes  les  peintures  de  che¬ 
valet  et  les  peintures  murales  en  Russie  étaient  exécutées 
avec  les  couleurs  à  l’huile.  Si  auparavant  les  matières 
picturales  se  préparaient  par  les  peintres  eux-mêmes,  mainte¬ 
nant,  dans  l’époque  du  développement  de  l’industrie,  quani 
une  production  des  couleurs  de  la  peinture  appartenait  aux 
fabricants,  les  artistes  se  sont  trouvée  obligés  d’acheter 
les  couleurs  d’une  composition  inconnue.  A  la  limite  du  XXe 
siècle  les  firmes  étrangères  en  concurrence  produisaient 
plusieurs  centaines  de  dénominations  des  couleurs  -artistiques. 
Les  peintre  ne  connaissaient  plus  les  propriétés  des  couleurs; 
la  technologie  ancienne  était  négligée,  car  elle  ne  correspon 
dait  pas  toujours  aux  nouvelles  tendences  dans  l’art,  ainsi 
qu'au  rythme  accéléré  de  l'exécution  des  tableaux.  Il  n'y  a 
rien  de  surprenant  que  la  détérioration  des  peintures ,  pein¬ 
tes  au  XIXe  siècle  est  devenue  une  chose  très  répandue. 

A  ce  temps  où  la  technique  de  la  peinture  à  l'huile  est  tom¬ 
bée  en  décadence,  on  a  commencé  à  parler  de  la  peinture  à  la 
détrempe.  L'intérêt  qu'on  lui  voua  s'explique  d’une  part  par 
ce  que  les  artistes  ne  pouvaient  ne  pas  remarquer  une  bonne 
conservation  des  tableaux  des  maîtres  anciens,  et  d'autre  part 
par  la  tendence  à  une  manière  décorative  et  aux  surfaces 
peintes  mates  que  l'on  pouvait  observer  du  côté  d'un  certain 
groupe  de  peintres  de  cette  époque.  Or,  ces  derniers  ont  été 
amenés  par  tout  cela  à  l'emploi  de  couleurs  aux  liants  à  base 
d'une  colle  ou  à  base  d'une  émulsion. 

La  limite  du  XIX  et  XXe  siècle  est  une  époque  d 'épanouisse¬ 
ment  de  l'art  de  décoration  de  théâtre.  Les  peintres,  tels 
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que  K.  A.  K  or.  vine,  M.A.  Vroubel,  V.A.  Serov,  A,  la.  Gol'  via.  , 

N. K.  Rerikh,  A. N.  Benois,  L.S.  Bakst  et  les  autres  sont  ve¬ 
nus  travailler  eu  théâtre. 

Les  maquettes  des  décors,  esquisses  les  costumes,  d^corati^n^ 
théâtrales,  ainsi  qu'ébauches,  panneaux  décoratifs,  placards, 
portraits  et  tableaux,  sont  le  plus  souvent  exécutas  Ians  1  . 
technique  de  la  détrempe  à  la  colle.  Les  oeuvres  üemarquabl-r) 
de  ces  peintres  se  sont  présentées  dans  les  collections  -o 
tous  les  musées  de  l'URSS  ou  presque. 

A . I .  Golovine  est  un  de  ces  maîtres,  un  grand  artiste,  qui 
avait  le  coup  d'oeil  juste.  Une  grande  collection  de  ces  éo  ro¬ 
ches,  maquettes  des  décors  et  tableaux  se  conserve  au  Musée 
Russe  (Léningrad).  La  technique  de  ce  peintre  est  bien  com¬ 
pliquée.  D’après  ce  que  disent  ses  contemporains ,  il  avait 
l'habitude  de  mélanger  sur  sa  toile  quatre  matières  différentes 
à  la  fois:  la  couleur  à  la  colle,  dont  on  se  sert  pour  pein¬ 
dre  les  décorations,  la  détrempe,  la  gouache  et  puis  il  in¬ 
corporait  dans  ces  couleurs  encore  humides  le  pastel.  Le  ré¬ 
sultat  de  cette  technique  est  que  presque  toutes  ses  peintures 
nécessitent  d'un  traitement  de  restauration. 

Les  oeuvres  modernes  (l),  exécutées  dans  la  technique  de  tem¬ 
pera  à  la  colle,  sont  dans  leur  majorité  un  ensemble  très 
complexe  de  matières  picturales  diverses.  Presque  toujours  il 
s'agit  de  détrempe,  gouache,  aquarelle,  carbon,  pastel.  La 
régularité  dans  l'utilisation  de  ces  matières  lors  de  l'exé¬ 
cution  d'une  oeuvre  ne  peut  être  révélée  qu'avec  grande  peinte. 
Dans  certains  cas  la  détrempe  peut  être  mélangée  à  la  gouache 
lors  du  processus  de  travail:  mais  à  cela  un  certain  coup  de 
pinceau  peut  contenir  plus  de  gouache,  tandis  qu'un  autre  con¬ 
tiendrait  plus  de  détrempe.  Parfois  un  peintre  applique  les 
touches  de  gouache  au-dessus  de  la  couche  de  tempera,  et  dans 
d'autres  cas  inversément  il  pose  la  détrempe  sur  la  gouache. 

En  ce  qui  concerne  le  pastel  et  le  carbon,  dans  bien  de  cas 
ils  se  trouvent  au-dessus  des  couleurs,  mais  dans  certains  cas 
ils  couvrent  la  gouache,  dans  d'autres  la  détrempe. 

Il  existe  une  grande  variété  de  supports  et  de  préparations 
de  la  peinture  en  détrempe  à  la  colle,  qui  sont  plus  ou  moins 
conformes  à  cette  technique. 


(l)  Nous  classons  parmi  les  peintures  modernes  de  chevalet  en 
détrempe  à  la  colle  une  peinture  exécutée  dans  une  techni¬ 
que  pareille  à  partir  de  la  fin  du  XIXe  siècle. 


lreVUSGr  1  apraS  les  sources  littéraires,  d'aucuns  estiment 
q  e  1=*  peinture  a  la  détrempe  et  à  la  gouache,  grâce  à  s -s 
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gemente  de  tvn  lors  du  fixage.  En  outre  un  restaurateur  qui 

cgd  metieres  doit  toujours  enlever  l 'adhésif  en  excl  — 
fence  de  la  surface  peinte  à  l'aide  de  l'eau,  ce  oui  est  exclu 
dans  le  cas  de  la  peinture  en  détrempe. 

Le  processus  du  fixage  de  la  peinture  en  détrempe  à  la.  colle 
moderne,  plus  que  les  autres  genres  de  peinture,  nécessite  de 
beaucoup  de  soins,  de  précautions  et  chaque  cas  doit  être  con¬ 
sidéré  comme  un  cas  particulier. 

Les  analyses  des  propriétés  des  matières  naturelles  employée 
pour  le  fixage  ont  permis  de  conclure  qu'elles  avaient  un  nom¬ 
bre  d ' inconvénients  essentiels,  et  ce  n'est  pas  toujours  qu'eu 
a  réussi  à  y  remédier  par  les  recherches  d'une  meilleure  techno 
logie  de  leur  emploi.  Cela  nous  amène  à  la  nécessité  de  recher¬ 
ches  sur  les  matières,  qui  pourraient  donner  des  résultats 
plus  satisfaisants. 

Notre  industrie  nous  offre  un  grand  assortiment  de  composés 
de  grande  masse  moléculaire  synthétiques,  qui  possèdent  des 
propriétés  et  des  possibilités  technologiques  de  leur  utilisa¬ 
tion  les  plus  variées.  Dans  certains  cas  les  polymères  avec 

les  propriétés  prévues  par  avance  peuvent  aussi  être  fabri¬ 
qués  . 

Cependant  les  polymères  synthétiques  n'ont  pas  encore  trouvé 
de  vastes  applications  dans  le  domaine  de  la  restauration, 
oeci  s'explique  par  le  fait  que  les  restaurateurs  ne  connais¬ 
sent  malheureusement  ni  propriétés,  ni  technologie  de  l'em¬ 
ploi  des  nouvelles  matières  synthétiques,  prétendant  que  les 
matériaux  naturels  sont  mieux  contrôlés  par  le  temps  et  plus 
faciles  a  employer.  * 


Afin  d'apprécier  les  qualités  positives  et  négatives  des  po- 
lymeres,  d- argumenter  leur  choix  et  leur  emploi  technologique 
les  restaurateurs  sont  obligés  de  bien  connaître  la  s  truc  turf 
des  polymeres  et  leurs  propriétés  chimiques  et  physic o-méc-- 
niques.  Seulement  l'étude  approfondie  des  polymères  et  leur 
utilisation  raisonnable  permettront  d'améliorer  la  qualité 
des  travaux  de  restauration.  Malheureusement  les  cas  sont 
fréquents  où  les  restaurateurs  emploient  l'une  ou  l'autre 
matière  pour  la  fixation,  sans  tenir  compte  des  propriétés 
physico-mecaniques  et  chimiques  les  plus  élémentaires,  ce  qui 
mene  parfois  à  une^qùalité  inférieure  des  travaux  de  restaura¬ 
tion  et  provoque  même  l'endommagement  complet  des  oeuvres  d'art 


Le  principe  de  la  fixation  de  la  peinture  par  les  polymères 
différé  en  rien  de  celui  effectué  à  l'aide  des  matières  tra- 


ne 


ditionnelles  l’origine  animale  ou  végétale:  de  la  même  façon 
on  incorpore  le  liant  complémentaire,  qui  peut  provoquer  1  »  ai 
tération  ues  tons  pic tur als  due  à  une  grande  densité  d’éc^il] 
de  couleur  et  à  leur  imprégnation  par  1  *  agglutinant  (quand  il 
s’agit  d'une  couche  picturale  pulvérulente).  C’est  pourquoi  1 
définition  des  propriétés  techniques,  auxquelles  devraient  ré¬ 
pondre  les  matériaux  de  restauration  employés,  joue  un  role  ru 
mordial. 

Voici  les  principales  propriétés  techniques: 

Les  propriétés  physico-mécaniques: 

1.  résistance  à  l’eau; 


2 .  incoloration ; 

3.  résistance  à  la  lumière; 

4.  absence  d'un  rétrécissement  pratique; 

5.  pellicule  mate; 

6.  une  bonne  adhésion  avec  les  différentes  matières; 

7.  propriétés  élastiques  -  les  colles  non-cassantes  ; 

8.  intervalle  de  température  (+60°  —  30°C). 


Les  propriétés  chimiques  : 

1.  mértie  à  l'égard  des  matières  picturales  (les  pigments 

liants ) ;  ’ 

2.  pH  —  proche  de  celui  neutre. 


Les  propriétés  biologiques: 

1.  résistance  biologique. 

Les  propriétés  technologiques: 

1.  pénétration  facile  dans  les  matières  poreuses  (l *  imprégnation) 

2.  bonne  mouillabilité  de  la  surface  (l'imprégnation,  le  collage) 

3.  pression  spécifique  minime  lors  du  collage  (  50-1  OOgr. sur  1  cm°' ) 

4.  solubilité  réintégrative  (  1  ’ enlèvement  de  la  pellicule). 

Donc,  une  condition  générale  et  principale  -  c’est  la  stabi¬ 
lité  physico-chimique  des  matériaux,  employés  pour  la  restau¬ 
ration  d’une  peinture,  se  trouvant  dans  un  certain  milieu,  qui 
devrait  éliminer  la  possibilité  d’un  vieillissement  rapide  dû 
à  une  oxydation  accélérée,  aux  effets  des  variations  d’humidité 
et  de  température,  etc. 


La  conformité  à  ces  éxigences  assurera  une  durabilité  mécani¬ 
que  de  la  couche  picturale  soumise  à  la  fixation,  ainsi  qu’une 
bonne  adhésion  entre  elle  et  le  support. 

En  partant  de  l’analyse  de  la  nature  des  dégâts  des  peintures 
en  détrempe  à  la  colle  ainsi  que  d'une  pratique  de  restauration 
on  peut  classer  les  matières  employées  dans  la  restauration  en 
deux  groupes:  a)  matières  d ' imprégnation  et  de  fixation;  b)  ma¬ 
tières  de  collage. 

Toutes  les  oeuvres  suivant  la  nature  de  leurs  dégâts  peuvent 
être  divisées  en  trois  catégories: 

I-  a)  peintures  qui  présentent  la  pulvérulence  de  la  couche 

picturale  (le  manque  d'un  liant  dans  les  couleurs); 

b)  peintures  qui  présentent  la  pulvérulence  de  la  couche  pic 
tur ale  et  son  détachement  du  support  en  même  temps  (le  ~ 
même  résultat  du  manque  d’un  liant); 

II- l ’écaillage ,  le  détachement  de  la  couche  picturale  du  sup¬ 
port  et  des  couches  inférieures  (les  causes:  l'excédence 

du  liant  dans  la  couche  supérieure,  une  faible  adhésion  en¬ 
tre  les  couches  due  à  une  technique  mal  choisie,  et  à  la 
fragilité  des  couleurs); 

III-l ’ensemble  des  dégâts  I  et  II. 

I •  Restauration  d’une  couche  picturale  pulvérulente 

(qui  peut  "souiller",  ou  qui  peut  "souiller  et  s’écailler"  en 
même  temps),  se  fait  en  générai  quand  il  s’agit  de  peintures 
à  la  gouache  ou  de  peintures  exécutées  dans  la  technique  mixte: 
gouache  èt  carbon;  gouache  et  pastel;  gouache  et  un  peu  de  ié- 
trempe. 

Les  supports  peuvent  être  variés:  papier,  carton,  toile,  contre¬ 
plaqué.  Le  plus  souvent  dans  cette  technique  sont  exécutés  les 
placards,  esquisses,  ébauches. 

Le  fixage  des  peintures,  présentant  les  dégâts  susmentionnés , 
se  fait  par  la  solution  des  matières  fluoroplas tiques  à  1%-6H 
ou  F-26L. 

Les  matières  f luoroplastiques  F  -26L  et  6H  se  caractérisent  par 
une  bonne  adhésion  et  par  l’élasticité  des  films.  Les  solutions 
de  ces  matières  possèdent  une  bonne  mouillabilité  et  pouvoir 
imprégnant,  un  index  de  réfraction  bas  (1,37);  les  revêtements 
obtenus  conservent  bien  leur  couleur  et  la  texture  de  la  couche 
picturale.  Grace. à  une  bonne  mouillabilité  des  solutions  on  peut 


obtenir  leu  répartition  uniforme  sur  la  surface  de  la  cou¬ 
che  picturale  sans  coulées  et  sans  éclat. 

Les  examens  effectués  par  (l’Institut  de  recherches  des 
matières  plastiques  polymérisées )  ont  démontré  que  ce  n’était 
pas  la  dissolution  des  matières  f luoroplastiques  dans  un 
seul  dissolvant  isolé,  mais  celle  dans  un  mélange  de  plusieurs 
dissolvants,  qui  avait  permis  d’obtenir  les  meilleurs  résul¬ 
tats  . 

Le  choix  d'un  dissolvant  depend  de  sa  destination.  Ainsi, 
pour  préparer  les  solutions  de  viscosité  basse?/*î 'on  utilise 
le  plus  souvent  pour  le  fixage  de  la  couche  picturale  pul¬ 
vérulente,  il  faut  choisir  les  mélanges  des  dissolvants  or¬ 
ganiques,  qui  pourraient  assurer  une  évaporation  lente  de  ce 
dissolvant  de  la  solution  du  copolymère.  Autrement,  si  la  vi¬ 
tesse  de  1 ’évaporation  est  grande,  la  solution  du  copolymère 
n'aurait  pas  le  temps  d'imprégner  d'une  façon  uniforme  et  de 
pénétrer  dans  toute  l'épaisseur  de  la  couche  picturale  d'une 
pellicule  brillante.  C'est  pourquoi  il  est  utile  d'employer 
les  mélanges  qui  auraient  une  vitesse  d 'évaporation  plus  len¬ 
te  et  donneraient  une  solution  du  copolymère  à  une  viscosité 
basse.  A  ce  fin  on  recommande  les  mélanges  des  dissolvants 
dans  les  proportions  suivantes: 

a)  acétate  d ’ amyle  -  acétone  -  acétate  d ' éthyle  1 :2 : 2 > 

b)  cyclohexanone  -  cellosolf  d'ethyle  -  acétone  -  acétate 
d' amyle  -  acétate  d'éthyle  2:3:3:6:6; 

c)  acétate  d* amyle  -  toluène  -  acétone  -  acétate  d'éthyle 
3:3:4:10; 

d)  xylol  -  acétate  d'éthyle  -  acétate  d'amyle  2:3:5. 

On  e  effectue  le  fixage  comme  suit: 

On  traite  au  préalable  toute  la  surface  (par  le  pulvérisa¬ 
teur)  avec  un  mélange  d'alcool  et  eau  (l:l)  ou  d'alcool,  eau 
et  acétone  (l/2:i:i)  pour  dépoussiérer  la  peinture.  Ceci  faci¬ 
lite  le  mouillage  de  la  surface  et  rend  le  fixage  plus  effi¬ 
cace. 

Avant  de  procéder  au  traitement  préalable,  il  est  nécessaire 
d'essayer  le  mélange  recommandé  avec  un  pinceau  sur  une  petite 
partie  de  la  surface  de  peu  d'importance. 

Si  les  couleurs  se  composent  de  colorants  organiques,  on  ne 
peut  pas  employer  le  mélange  alcool-eau,  car  au  cours  du  trai- 
tement^ces ^ colorants  se  dissoudront  et  apparaîtront  sur  la  sur¬ 
face  même  à  travers  plusieurs  couches  de  couleur;  dans  ce  cas 


il  faut  utiliser  le  mélange  suivant:  1  partie  d’acétone,  1 
partie  d’znu  et  1/2  partie  d'alcool. 

Le  séchage  de  la  surface  terminé,  on  procède  à  la  fixation, 
qui  se  fait  du  coté  face  avec  la  solution  à  1%  d’un  des  mé¬ 
langes  susmentionnés.  Il  serait  souhaitable  d’effectuer  ce 
traitement  au  moyen  d’un  pulvérisateur.  Etant  donné  un  dégin 
de  détérioration  différent  de  chaque  couleur,  qui  nécessite 
d 'une  quantité  de  liant  variée,  il  faut  découper  d’un  papier 
épais  les  patrons  pour  couvrir  avec  eux  les  zones  séparées  de 
la  couche  picturale,  en  commençant  par  les  plus  endommagées; 
changeant  et  déplaçant  ces  patrons  on  peut  obtenir  une  fi¬ 
xation  uniforme  et  solide  de  toute  la  surface  de  la  peinture. 

Il  vaut  mieux  faire  le  fixage  avec  une  solution  à  1%  plusieurs 
fois,  plutôt  qu’une  seule  fois  -  avec  une  solution  plus  con¬ 
centrée,  parce  que  les  composés  de  faible  concentration  pé¬ 
nètrent  plus  facilement  dans  la  peinture  et  donnent  de  meil¬ 
leurs  résultats  de  fixation.  Afin  de  vérifier  ces  résultats 
on  peut  procéder  comme  suit:  après  séchage  et  stabilisation 
(3  jours  après  le  fixage)  on  pose  sur  une  partie  traitée 
une  feuille  de  papier  à  filtrer  (ou  papier  à  écrire  poreux), 
on  la  frotte  avec  la  main  et  puis  on  regarde  s’il  reste  l’em¬ 
preinte  de  la  couleur  sur  le  papier  ou  non.  il  va  sans  dire 
que  tout  cela  se  fait  sur  une  petite  partie  peu  importante 
de  la  surface.  En  cas  d’absence  de  traces  de  couleur  sur  le 
papier,  on  peut  continuer  ce  contrôle  avec  un  tampon  d’ouate. 

Si  l’on  constate  que  le  fixage  n’était  pas  suffisant,  on  peut 
le  répéter  encore  quelques  fois.  Pour  avoir  la  possibilité 
de  contrôler  l’état  de  la  couche  picturale,  1 ’ application  IL, 
la  nouvelle  couche  de  liant  ne  doit  s’effectuer  qu’ après 
séchage  de  la  surface  peinte.  Lors  de  cette  opération  il  faut 
veiller  à  ce  qu’une  pellicule  brillante  ne  se  forme  pas,  car- 
son  apparition  indiquerait  une  sursaturation  de  la  couche 
picturale  par  liant. 

Les  peintures  qui  ont  subi  le  traitement  de  fixage  ne  doivent 
être  conservées  ou  présentées  que  sous  une  verre,  parce  que 
leur  surface,  mate  et  poreuse,  a  une  forte  tendence  à  se 
souiller. 

I  -  b)  Si  nous  sommes  en  présence  d'une  pulvérulence  et  dun 
écaillage  de  la  couche  picturale  (  ce  genre  de  dégâts  est 
assez  fréquent,  parce  que  les  peintures  modernes  en  général 
sont  exécutées  en  plusieurs  couches,  où  la  gouache  et  le  car¬ 
bon  s’alternent  avec  la  détrempe),  ce  n’est  pas  toujours  que 
nous  povons  réussir  à  éliminer  ces  endommagements ,  en  agissant 


woc  une  seule  matière  fluor op las tique. 

S'il  s’agit  de  pelliculage  d’une  couche  picturale  mince,  on  peut 
tenter  de  la  fixer  par  la  matière  fluoroplas tique  6H,  mais  les 
résultats  obtenus  ne  seront  pas  toujours  bons.  Comme  lors  de 
l’encollage  de  la  couche  picturale,  la  force  de  la  pellicule, 
formée  par  la  solution  à  1  %  ne  sera  pas  assez  forte  pour  qu’el¬ 
le  puisse  retenir  les  parcelles  de  couleur  détachées,  et  on  est 
obligé  d’augmenter  l'épaisseur  du  film.  Cela  n’est  pas  si  facile 
à  faire,  et  par  ailleurs  amène  à  l’apparition  d’un  éclat  sur  la 
surface  peinte  (dû  à  une  pellicule). 

L’enlèvement  de  cette  pellicule  n’est  pas  toujours  souhaitaole 
et  dans  certains  cas,  à  savoir  quand  la  couleur  est  recouverte 
de  carbon  et  de  pastel, gl  n’est  même  pas  possible. 

Une  autre  difficulté  technique  consiste  dans  le  fait  que  les 
résines  à  base  de  dissolvants  organiques  ne  sont  pas  à  même 
de  ramollir  le  liant  aqueux  à  la  colle  de  la  couleur  et  ne 
peuvent  donc  pas  écarter  les  déformations.  Dans  ces  cas,  on 
emploie  une  dispersion  aqueuse  d’acétate  de  vinyle  et  2  éthylc- 
hexylacrylate  (AV-2EHA ) . 

II .  L’écaillage,  le  détachement  de  la  couche  picturale 

de  son  support  s’observent  en  général  sur  les  peintures  à  la 
détrempe  (à  la  caséine-huile),  exécutées  dans  une  technique 
empâtée  sur  les  préparations  émulsives  de  production  de  fabri¬ 
que,  ainsi  que  sur  les  peintures  à  la  détrempe,  combinée  avec 
la  gouache.  L’écaillage  se  présente  souvent  sous  forme  de  cra¬ 
quelures  rigides  aux  bords  soulevés. 

Des  résultats  satisfaisants  de  la  fixation  de  ces  détériorations 
ont  été  obtenus  par  l’emploi  de  AV-2EHA.  Les  dispersions  aqueuses 
du  copolynère  d’acétate  de  vinyle  avec  2  éthyle-hexylacrylate , 
ainsi  que/^plusieurs  autres  copolymères,  ont  de  bonnes  proprié¬ 
tés  physico-mécaniques  et  sont  bien  durables.  Maintes  fois  dé¬ 
formées,  elles  sont  néanmoins  résistantes  au  vieillissement,  in¬ 
colores  et  possèdent  en  outre  une  série  de  qualités  positives 
qui  nous  permettent  de  les  considérer  comme  matières  répondant 
entièrement  aux  principales  propriétés  que  l’on  attend  d’un  ben 
fixatif. 

Les  films  à  base  de  AV-2EHA,  comparés  avec  le  polyacétate  de 
vinyle  pur,  sont  plus  résistants  à  l’eau,  aux  effets  de  l’atmo¬ 
sphère,  à  la  lumière  et  au  froid. 

La  comparaison  des  propriétés  du  polyacétate  de  vinyle  avec  cel¬ 
les  de  ses  copolymères  a  démontré  que  l’emploi  de  ces-derniers 
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Avant  fixation,  la  surface  peinte  doit  ^être  traitée^^ 
liquide  polaire,  de  la  ™eme  maniere  qu  ava  £q  dc  f£ 

couche  Picturale  pulveruiente.  AV-2EHA  de  la  P 

broque  a  une  -^¡ration  d  recommandable 

rav"uier  avec  un^mé lange  fraîchement  préparé,  donc  ^1  faut 
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^  P!aq  Dlus  il  est  nécessaire  d'agiter  de  temps  en  t^o 

‘ . _  .  r,j  les  particules  menues  de  la  couleur,  qui 

peuvent  tomber  du  pinceau  au  cours  des  manipulations.  Le  res-  .• 
taurateur,  employant  AV-2EHA  doit  observer  s  trichent  une  re^ 
nie  essentielle:  il  vaut  mieux  imprégner  la  peinture  plusicu 
lofs  avec  me  solution  de  faible  concentration,  plutôt  qu'une 
Telle  rs  avec  une  solution  de  forte  concentration  en  raison 
d'une  pénétration  plus  profonde  dc  la  solution  liqui  e,  q 
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temps  la  formation  d'une  pellicule  sur  la  surface  points. 

Donc  on  recommande  de  commencer  l'opération  de  fixage  avec  une 
solution  à  1-2%.  Sous  les  couches  les  plus  denses  et  épaisses 
nn  courra  ensuite  injecter  une  dispersion  a  5 %.  Le  restaur.de  . 
est  obligé  à  vérifier  la  concentration  de  la  solution,  le  mo-^ 
d'opération  et  la  quantité  des  couches  appliquées,  en  fai^i-. 
ses  essais  sur  un  endroit  de  la  surface  de  peu  d  importance, 
séparément  pour  chaque  cas  particulier. 

La  quantité  des  couches  appliquées  peut  varier  infiniment. 

B«  général  dans  les  cas  de  pelliculage  de  la  couche  pictural., 
nfn  œfpSk,  ainsi  que  dans  les  cas  de  pulvérulence  avec  l  e- 
caillage  de  la  couche  picturale,  on  utilise  une  solu  ion  a 
et  on  répète  1 ’ imprégnation  2-3  fois. 
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uniforme  sur  le  support  de  doublage  (carton,  enduit  sec,  etc.) 
Quand  on  se  sert  comme  support  de  doublage  de  l'enduit  sec  ou 
de  quelque  autre  matériau  dense  et  fortément  encolle,  il  faut, 
une  fois  que  la  dispersion  est  appliquée,  le  mettre  sous  l'oeuvre 
et  puis  frotter  celle-ci  soigneusement  avec  la  main,  afin  d’ob¬ 
tenir  un  collage  complet,  en  couvrant  au  préalable  le  coté  face 
avec  du  papier  à  cigarettes  ou  du  papier  à  calquer. 

Si  pour  le  rentoilage  on  se  sert  de  carton  poreux,  une  fois  que 
AV-2EHA  est  appliqué,  l'eau  s'infiltre  rapidement  dans  le  carton 
tandis  que  sur  la  surface  reste  un  film  déshydraté,  ayant  une  sur 
face  inactive,  sur  laquelle  rien  ne  peut  être  collé.  Afin  de 
"ré .animer "la  surface  de  ce  film,  de  la  rendre  visqueuse  à  nouveau, 
on  la  traite  par  le  mélange  de  dissolvants  suivant:  alcool  -  acé¬ 
tone  en  proportion  1:1.  On  applique  ce  mélange  pan  un  pinceau 
large  et  plat.  On  laisse  la  surface  libre  pendant  quelque  temps 
et  puis  on  dépose  l'oeuvre  sur  elle  et  on  la  frotte  également 
avec  beaucoup  de  soin. 

Après  le  frottage,  pour  obtenir  une  adhésion  parfaite,  il  faut 
mettre  le  poids  (en  forme  d'un  sac  de  sable,  pour  éviter  les 
déformations  éventuelles  de  la  couche  picturale).  On  recommande 
de  placer  le  papier  à  cigarettes  ou  le  papier  à  filtrer  en  plu¬ 
sieurs  couches  entre  le  poids  et  la  surface  peinte,  et  de  le 
changer  périodiquement  jusq'au  séchage  complet. 
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Mprès  avoir  étudié  l'action  de  différents  produits  fon¬ 
gicides  et  insecticides  sur  des  papiers  de  composition  diverse, 
nous  abordons  dans  cet  article  le  problème  du  comportement  du 

cuir  utilisé  en  reliure  lorsqu'il  est  soumis  à  ces  memes 

* 

traitements  . 

Parmi  les  nombreux  produits  expérimentés  sur  les  pa¬ 
piers,  nous  avons  sélectionné,  en  fonction  de  leur  activité 
biologique  d'une  part,  et  de  leur  innocuité  vis-à-vis  du  papier 
d'autre  part,  les  trois  produits  suivants  (5-6-7)  : 


-  l'oxyde  d'éthylène, 

-  le  f ormaldéhyde , 

-  le  lindane. 


Nous  avons  étudié  uniquement  le  cas  des  peaux  tannées 
végétalement ,  notre  but  étant  de  connaître  le  comportement 
des  reliures  en  cuir  et  nous  sommes  limitées  à  l'examen  des 
peaux  avant  teinture. 


Pour  effectuer  un  tel  travail,  il  nous  a  fallu  trouver 
auparavant  une  série  d'examens  permettant  de  contrôler  la 
dégradation  mécanique  et  chimique  des  cuirs.  Nous  avons  voulu 
étudier  également  le  comportement  dans  le  temps  des  cuirs 
traités  et  avons  pour  cela  mis  au  point  differentes  méthodes 
de  vieillissement  accéléré  (1-3-8-12-13-15). 

Nous  exposons  'ici  le  protocole  des  expériences  ainsi 
que  les  conclusions  que  nous  pouvons  en  tirer . 


*  Une  première  communication  a  déjà  été  présentée  à  ce  sujet 
lors  d'une  réunion  du  Comité  de  Conservation  :  action  de 
l'aldéhyde  formique  et  de  l'oxyde  d'éthylene  sur  la  resistance 

physico— chimique  des  peaux  de  veau  utilisées  en  reliure,  rapport 

polytypé,  ICOh,  septembre  1969,  14  p.,  tabl. 
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I  -  CHOIX  DES  TESTS  DE  CONTROLE_DE  LA  DEGRADATION  DU  CUIR 

Parmi  les  nombreux  essais  de  résistance  mécanique  et 

chimique  des  cuirs,  nous  en  avons  sélectionné  plusieurs, 

*  ** 

les  uns  provenant  des  normes  AFNOR  et  I.U.P.  ,  les  autres 

*** 

réalisés  selon  les  indications  de  l'U.S.D.A. 
a/  Examens  mécaniques 

-  Résistance  à  la  déchirure  (norme  I.U.P./8) 

-  Résistance  à  la  traction  (norme  I.U.P.  /6) 

Ces  deux  examens  sont  réalisés  sur  les  deux  sens  de 

la  peau. 

-  Résistance  à  l'éclatement  (norme  aFNOR  NF  Q  03.001) 

B/  Examens  chimiques 

Tous  les  dosages  sont  réalisés  à  partir  d’un  cuir 
finement  broyé.  Les  résultats  présentant  peu  de  dispersion, 
les  chiffres  indiqués  sont  la  moyenne  de  deux  essais. 

Les  mesures  du  taux  d'humidité  (norme  aFNOR  NF  G  52.20; 
et  de  matières  grasses  (norme  AFNOR  NF  G  52.204)  reflètent 
le  degré  de  desséèchement  d'un  cuir  ;  les  autres  examens  chi¬ 
miques  permettent  d'évaluer  la  détérioration  des  protéines.  En  - 
fet,  c'est  l'augmentation  progressive  de  l'acidité  du  cuir  au  c 


*  A. F. N. O. R. 
**  I.  U.  P. 

***  U.  S.  D.  A. 


=  association  Française  de  Normalisation. 

=  International  Union  Physical. 

=  United  States  Department  of  Agriculture. 
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du  temps  qui  est  un  des  facteurs  principaux  de  sa  dégradation. 

On  pense  qu'elle  provient  soit  des  produits  utilises  en  tanne¬ 
rie,  soit  d'une  transformation  interne  de  certains  composants, 
soit  encore  d'une  absorption  de  SO^  dans  une  atmosphère  polluée. 
De  nombreux  auteurs  dont  BEEBE,  FREY  et  HaNNIGAN  pensent  que 
l'acide  sulfurique  dégrade  les  protéines  par  hydrolyse  accompa¬ 
gnée  d'oxydation.  L'hydrolyse  provoqueraitune  rupture  des  chaînes 
peptidiques  pouvant  aller  jusqu'à  la  liberation  d'acides  amines, 
tandis  que  l'oxydation  conduirait  a  une  degradation  totale 
donnant  ainsi  naissance  à  des  sels  d'ammonium  solubles  (1-4-8- 
9-10-1 1-16). 

Ces  produits  de  dégradation  seront  dosés  dans  l'extrait 
aqueux  effectué  à  partir  du  cuir,  selon  la  norme  AFNOR  NF  G 
52.205.  On  dosera  en  premier  par  distillation  directe  sur  MgO 
les  sels  d'ammonium  correspondant  au  stade  final  de  la  dégra¬ 
dation  ;  puis  sur  le  distillât  précédent,  après  minéralisation 
par  la  méthode  Kjeldahl,  les  composés  azotés,  correspondant  au 
premier  degré  de  cette  décomposition.  La  somme  des  deux  résul¬ 
tats  donne  le  taux  d'azote  soluble  total  (17). 

La  mesure  du  pH  est  réalisée  selon  le  protocole  indiqué 
par  INNES  (2).  Le  cuir  est  laissé  en  contact  24  heures  avec 
l'eau  distillée  bouillie.  Après  décantation,  on  mesure  le  pH 
de  l'extrait  aqueux. 

Par  ailleurs,  la  mesure  de  l'indice  de  différence  indique 
la  nature  des  acides  présents.  Elle  s'effectuera  en  faisant 
une  dilution  au  dixième  de  l'extrait  aqueux . BURTON  (2)  a 
formulé  dans  le  tableau  ci— dessous  les  differentes  corres¬ 
pondances  . 
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Indice 

de 

dif f ér . 

Valeurs  initiales  du  pH 

j  usqu 'à  2,9 

2,9  -  3,0 

plus  de  3,0 

0,7  ou  plus 

ac .  forts  prés,  en 
quantité  nuisible 

indécis 

des  ac .  forts  peu¬ 
vent  être  présents 
mais  en  petite 
quantité 

0,6  -  0,7 

acides  forts  pré- 
sénts  ;  en  quantité 
nuisible  éventuel¬ 
lement 

indécis 

acides  forts 
absents 

inf érieur 

à 

0,6 

ac .  forts  abs.  mais 
quantité  indésira¬ 
ble  d'ac.  organi¬ 
ques  probablement 
présents 

ac.  forts  absents 

ac .  forts  absents 

Afin  de  connaître  l'importance  de  la  dispersion  des  essais 
mécaniques  et  chimiques,  nous  avons  fait  le  bilan  complet  d'une 
peau  de  veau  vierge  (tableau  n°  1). 

Les  éprouvettes  ont  été  prélevées  sur  toute  la  surface  de 
la  peau,  en  dehors  de  la  tête  et  des  quatre  pattes.  Nous  avons 
découpé  quatre  bandes  égales  dont  les  dimensions  moyennes  sont 
de  55  cm  x  12  cm.  Pour  chacune  des  bandes,  nous  avons  fait  la 
moyenne  des  résultats  de  chaque  test  et  nous  les  avons  comparée 
entre  elles  (tableau  n°  1 ) . 

Nous  voyons  qu'en  ce  qui  concerne  les  tests  mécaniques  la 
dispersion  est  grande,  alors  qu'elle  est  moins  importante  pour 
les  essais  chimiques. 

Pour  tirer  des  conclusions  valables  quant  à  l'innocuité 
des  traitements  de  désinfection  sur  nos  peaux,  il  nous  faudra 
faire  appel  pour  les  examens  mécaniques  aux  calculs  statisti¬ 
ques  qui  nous  montreront  si  nos  résultats  sont  ou  non  signi¬ 
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II  -  METHODES  DE  VIEILLISSEMENT  mCCELERE  ETUDIEES 

Nous  venons  de  voir  que  les  deux  facteurs  principaux 
d'alteration  des  cuirs  sont  l'hydrolyse  et  l'oxydation.  Pour 
réaliser  un  vieillissement  accéléré,  il  est  donc  nécessaire 
d'accentuer  considérablement  ces  deux  phénomènes.  Plusieurs 
techniques  nous  sont  offertes  : 

-  les  irradiations, 

-  la  chaleur  sèche, 

-  les  oxydants. 

Celles-ci  ont  été  appliquées  à  un  stock  de  peaux  de  veau 
tanné  végétalement ,  les  éprouvettes  ayant  été  découpées  selon 
les  indications  données  ci-dessus  pour  la  peau  vierge. 

Io/  Vieillissement  accéléré  par  irradiation 
A/  Lejs  l_ampes_à_vapeu_r  de_mercure 

\ 

Nous  avons  utilisé  à  cet  effet  des  lampes  germicides 

Mazda  qui  émettent  des  radiations  ultraviolettes  presque 

o 

entièrement  concentrées  dans  la  bande  2537  A  .  Ce  sont  des 
lampes  a  basse  pression,  se  présentant  sous  forme  de  tube  de 
90  cm  de  longueur  et  25  cm  de  diamètre,  d'une  puissance  de 
25  watts. 

Dans  un  coffrage  de  bois  très  étanche,  quatre  lampes 
germicides  ont  été  montées  en  parallèle  à  IO  cm  les  unes  des 
autres.  Les  cuirs  ont  été  placés  à  plat  sous  les  lampes  et  à 
IO  cm  de  celles-ci.  On  a  étudié  sur  chacune  des  faces  l'effet 
produit  par  des  temps  d'exposition  de  48  heures  et  d'une  semaine 

Après  traitement,  le  cuir  a  très  légèrement  rougi  (côté 
chair  seulement)  et  a  perdu  de  sa  souplesse. 

D'après  le  tableau  2,  nous  voyons  que  les  pertes  de 
résistance  mécanique  sont  insignifiantes.  Dans  ces  conditions, 
nous  n'avons  pas  entrepris  un  bilan  chimique  complet,  mais 
seulement  le  dosage  du  pH  et  celui  des  matières  grasses;  dans 
les  deux  cas  il  n'y  a  pas  eu  de  modification. 
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B/  La_lam£e_a_u  xcnoin. 

Nous  avons  utilisa  un  appareil  allemand,  le  Xénotest, 
dont  l'émetteur  de  radiations  est  un  tube  contenant  une  lampe 
au  xénon  à  haute  pression  qui  émet  des  radiations  dans  la 
gamme  visible  (400  à  700  millimicrons)  et  dans  la  gamme  ultra¬ 
violette  (300  à  400  millimicrons).  Ces  radiations  sont  assez 
voisines  du  spectre  solaire. 

L'appareil,  en  dehors  de  sa  source  lumineuse,  est  muni 
de  nombreux  perfectionnements  :  filtre  anti— infra— rouge ,  qui 
évite  un  échauffement  intense  des  éprouvettes,  climatisation, 
pluie  artificielle.  Les  échantillons  de  cuir  sont  disposes  sur 
des  tourniquets  cylindriques  tournant  très  lentement  sur  eux- 
mêmes  et  pivotant  en  même  temps  autour  de  la  source  lumineuse. 

Nous  avons  opéré  à  la  température  constante  de  35°C  et  à 
une  humidité  relative  de  60  %  (tableau  3).  Les  cuirs,  exposes 
recto-verso  pendant  2  jours,  3  jours,  4  jours,  5  jours,  6  jours 
ont  rougi.  La  perte  de  la  résistance  mécanique  étant  infime, 
les  examens  chimiques  n'ont  pas  ete  realises. 

2°/  Vieillissement  accéléré  par  la  chaleur  seche 

La  méthode  consiste  à  suspendre  les  cuirs  dans  une 

étuve  ventilée.  Nous  avons  étudié  les  effets  causes  par  des 

durées  d'exposition  d'une  semaine  à  100°C  (tableau  4),  deux 

semaines  à  100°C  (tableau  5),  deux  semaines  à  80°C  (tableau  6), 

* 

150  jours  à  50°C  (tableau  7)  .  On  constate  un  rougissement  assez 

important  de  toutes  les  peaux. 

D'après  les  tableaux  4,  5,  6  et  7,  nous  voyons  que  la 
résistance  mécanique  des  cuirs  traités  a  diminué  dans  tous  les 
cas,  tandis  que  la  résistance  chimique  est  pratiquement  iden¬ 
tique  sauf  pour  le  vieillissement  de  150  jours  à  50°C. 

Quels  que  soient  la  température  et  le  temps  de 
séjour  dans  l'étuve,  on  constate  un  affaiblissement  considé¬ 
rable  du  taux  de  matières  grasses.  On  peut  penser  que  la 
chaleur  provoquerait  seulement  une  hydrolyse  ménagée. 


* 


Les  quatre  temps  d'exposition  ont  été  faits  sur  quatre  peaux 
différentes . 
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3°/  Vieillissement  accéléré  par  les  oxydants. 

Trois  méthodes  ont  été  mises  au  point  pour  évoluer  la 
résistance  d'un  cuir  à  l'action  des  oxydants. 

-  INNES  utilise  l'action  du  peroxyde  en  milieu  sulfurique. 

-  KaNAGY  oxyde  le  cuir  dans  une  bombe  à  oxygène  à  la  chaleur 

-  BEEBE,  FREY  et  HaNNIGaN  exposent  le  cuir  dans  une  atmos¬ 
phère  contenant  une  forte  proportion  de  SO^  et  SO^ • 

Nous  avons  expérimenté  au  laboratoire  uniquement  la 
méthode  de  INNES  (14)  : 

On  dispose  les  bandes  de  cuir  sur  une  plaque  de  verre 
(côté  chair  au-dessus)  et  on  les  humecte  régulièrement  avec  de 
l'acide  sulfurique  à  5  %  dans  la  proportion  de  1  ml  par  gramme 
de  cuir  séché  à  l'air.  Après  une  nuit  a  temperature  ambiante, 
on  ajoute,  en  l'étendant  régulièrement,  de  l'eau  oxygénée  à 
10  volumes  à  raison  de  0,6  ml  par  gramme  de  cuir.  On  attend 
24  heures,  puis  on  applique  cinq  fois  de  suite  toutes  les  24 
heures  la  même  dose  d'eau  oxygénée. 

Les  cuirs  ainsi  traités  ont  rougi,  se  sont  rétractes 
et  ont  durci.  Certaines  peaux  présentent  des  altérations 
externes  importantes,  allant  jusqu'au  véritable  trou. 

Les  essais  mécaniques  et  chimiques  ont  etc-  réalisés 
sur  toutes  les  peaux,  quel  que  soit  leur  état.  Cependant,  pour 
les  analyses  mécaniques,  nous  avons  prélevé  des  eprouvettes 
sur  des  régions  apparemment  saines. 

Pour  les  essais  chimiques,  toutes  les  peaux  ont  été 
utilisées  dans  leur  intégralité.  D'après  le  tableau  8,  on  note 
que  les  pertes  physico-chimiques  sont  assez  importantes.  Le 
taux  de  matières  grasses  n'est  pas  modifié. 

Dans  un  premier  temps  et  pour  notre  présente  étude,  nous 
retiendrons  deux  techniques  de  vieillissement  accéléré  :  le 
peroxyde  et  la  chaleur  sèche. 
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III  -  METHODES  D’EXAMEN  ÛES_CUIRS_TRAITES_PAR  LES_PRODUITS  DE 
DESINFECTION 

1  °  /  Mode  opératoire 

Dans  un  premier  temps,  les  peaux  ont  été  traitées  par 
chacun  des  trois  produits  à  étudier  et  ont  été  vieillies  arti¬ 
ficiellement  par  la  technique  du  peroxyde.  Craignant  que  cette 
méthode  de  vieillissement  accéléré  soit  peu  homogène  et  peut- 
être  trop  agressive,  nous  avons  répété  les  opérations  en  uti¬ 
lisant  cette  fois-ci  la  chaleur  sèche  (une  semaine,  étuve 
100°C)  comme  source  de  vieillissement.  Les  essais  de  résistance 
chimique  des  peaux  n'ont  pas  été  réalisés  dans  ce  cas,  car 
nous  avons  pu  observer,  d'une  part,  que  le  vieillissement  par 
la  chaleur  modifiait  très  peu  cette  résistance  (voir  tableau 
n°  4)  et  que,  d'autre  part,  les  peaux  traitées  et  vieillies 
par  le  peroxyde  n'avaient  pas  été  altérées  du  point  de  vue 
chimique . 

Ce  travail  a  été  effectué  sur  des  lots  de  peaux  de 

veau,  de  mouton  et  de  chèvre  tannées  végétalement .  Hormis 

* 

quelques  peaux  de  veau  ,  les  autres  peaux  ont  été  découpées 
suivant  la  technique  "des  carrés  latins"  en  16  carrés  égaux. 


* 


Comme  nous  l'avons  signalé,  les  résultats  des  essais 
mécaniques  obtenus  sur  ces  peaux  ainsi  traitées  étaient 
tellement  dispersés  que  nous  avons  dû  faire  appel  à 
l'analyse  statistique  pour  l'interprétation.  Or,  les 
analyses  ne  peuvent  être  réalisées  avec  toute  leur 
signification  que  si  les  éprouvettes  sont  découpées 
selon  la  technique  "des  carrés  latins".  Nous  n'avons 
donc  pas  pu  in  corporer  ces  résultats  dans  les  calculs 
ci-joints.  C'est  pourquoi  nous  les  faisons  figurer  dans 
les  tableaux  9-10-11  sans  aucune  interprétation. 
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2°/  Description  des  différentes  techniques  de  désinfection 

A .  Le_t£a  i_ t ernennt  £ar  l_e_f orma_l déhyde_ 

L'aldéhyde  formique  est  un  produit  utilisé  pour  son 
pouvoir  fongique.  Les  échantillons  ont  été  suspendus  pendant 
72  heures  dans  une  étuve  maintenue  à  30°C  et  dans  laquelle  on 
a  évaporé  une  quantité  d'aldéhyde  formique  égale  à  250  grammes 
par  mètre  cube.  Parallèlement,  afin  d'éviter  un  dessèchement 
trop  intense  des  cuirs,  nous  avons  pulvérisé  une  quantité 
égale  d'eau. 

B.  Le_t rai_temen_t  £0£  1_ ' ox^de  ¿'éthylène 

Ce  produit  était  connu  pour  son  pouvoir  insecticide. 

Nous  avons  déterminé  il  y  a  quelques  années  qu'il  était 
également  fongicide  et  bactéricide.  Les  échantillons  ont  été 
disposés  dans  un  autoclave  dans  lequel  on  remplace  l'air  par 
'  de  l'oxyde  d'éthylène  à  une  concentration  de  550  grammes  par 

mètre  cube  ;  l'opération  dure  six  heures  et  s'effectue  à  une 
température  de  20°C. 

C.  Le_t ra_i_temen _t  £0£  _le_l  i_ndane  (isomère  gamma  de 
1 ' hexachlorocyclohexane ) . 

L ' hexachlorocyc lohexane  C^H^Cl^  se  présente  sous  la 
forme  d'une  poudre  blanche.  Cependant,  si  1 ' HCH  possède, 
grâce  à  l'isomère  gamma,  de  grandes  propriétés  insecticides, 
il  contient  d'autres  isomères  (alpha,  beta,  delta)  non  in¬ 
secticides  et  qui  semblent  nuisibles  pour  les  documents 
graphiques,  en  particulier  pour  les  métaux  et  dorures  qu'ils 
oxydent.  Pour  cette  raison,  lorsqu'on  désire  utiliser  1 ' HCH 
pour  désinfecter  les  biens  culturels,  il  est  obligatoire  de 
prendre  l'isomère  gamma  pur,  ou  lindane. 

Les  cuirs  ont  été  suspendus  dans  une  chambre  dans 
laquelle  nous  avons  sublimé  du  lindane  à  raison  de  1,5  g/m3. 


IO 


IV  -  INTERPRETATION  0E5  RESULTATS  ET  CONCLUSIONS 

De  l'ensemble  de  nos  résultats  (tableaux  9  à  13), 
il  ressort  que  la  résistance  chimique  des  peaux  examinées  n'a 
pas  été  altérée  par  les  traitements  qu'on  leur  a  fait  subir. 

En  ce  qui  concerne  les  propriétés  mécaniques, 
aucune  action  néfaste  n'a  été  constatée  sur  les  peaux  de  veau. 
Par  contre,  les  traitements  au  lindane  et  au  formaldéhyde 
semblent  avoir  affaibli  la  résistance  mécanique  des  peaux  de 
chèvre  et  de  mouton.  Nous  oensons  donc  que,  dans  l'etat  actuel 
de  nos  recherches,  l'oxyde  d'éthylène  peut  être  utilisé  sans 
risque  pour  désinfecter  les  livres  reliés  avec  les  cuirs  les 
plus  couramment  rencontrés.  Le  formaldéhyde  et  le  lindane 
ayant  affaibli  la  resistan^ e  mécanique  de  la  chèvre  et  du 
mouton  devraient  être  employés  avec  plus  de  prudence. 

Nous  n'avons  pas  étudié  ici  le  cas  des  reliures 
en  parchemin  et  le  comportement  de  ce  matériau  pourrait  faire 
l'objet  d'un  travail  ultérieur. 
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tableau  n°  i 


BILAN  DE  LA  RESISTANCE  MECANIQUE  ET  CHIMIQUE  D'UNE  PEAU  DE  VEAU  VIERGE 


Bande 

1 

Bande 

2 

Bande 

3 

Bande  " 
4 

:  Eclatement 

kg/nrm 

25,7 

27,4 

22,2 

23,1  : 

\  Déchirure 
kg/mm 

ST 

4,69 

3,33 

3,19 

3,98; 

SE 

2,83 

2,34 

2.54 

2,86; 

Traction 

kg/mm2 

ST 

1 ,72 

1  ,86 

1,97 

1,79; 

SE 

3,84 

3,62 

3,06 

3,11  ; 

:  Humidité  % 

9,6 

9,7 

9,7 

9,1  : 

:  pH 

3,6 

3,6 

3,6 

3,6  : 

1  Dilution  au 

1/1  Oe 

4,3 

4,3 

4,3 

4,3  ; 

:  Indice  de  différence 

0,7 

0,7 

0,7 

0,7  : 

•  * 

:  Azote  soluble  total 

% 

0,06 

0,05 

0,05 

0,05: 

ST  «  séns 

travers 

SE 

sens  échine 

*  Les  pourcentages 

sont 

calculés  par 

rapport 

au  cuir 

sec  . 

tableau  n°  2 


RESISTANCE  MECANIQUE  LT  CHIMIQUE  Dt  L.-\  PEAU  DE  VEAU  mPRES  UN 
VIEILLISSEMENT  ACCELERE  PaR  LES  U.V. 


Cuir  vierge 

Cuir  vieilli 

48  heures  sur 
chaque  face 

Cuir  vieilli  : 
une  semaine  : 

sur  chaque  face  : 

Eclatement 

kg/mm 

31  ,6 

32 , 8 

27,9  : 

ST 

3,01 

2,81 

2,55  : 

Déchirure  - 

kg/mm 

SE 

2,58 

2,54 

2,32  : 

ST 

2,32 

2,17 

2,21  : 

I raction  — 
kg/mm2 

SE 

2,46 

2,69 

2,34  : 

Matières  grasses  7> 

5,0 

5,2 

pH 

3,5 

3,5 

Dilution  au  1/IOe 

4,0 

4,0 

Indice  de 

différence 

0,5 

0.5 

ST 


sens  travers 


SE 


sens  échine 


TABLEAU  N°  3 


RESISTANCE  MECANIQUE  D’UNE  PEAU  DE  VEAU  APRES  UN 
VIEILLISSEMENT  ACCELERE  DE  2  JOURS,  3  JOURS,  4 
5  JOURS  ET  6  JOURS  AU  XENOTEST 


ESSAI  DE 
JOURS , 


- 

Cuir 

vierge 

Cuir 
vieilli 
2  J. 

Cuir 
vieilli 
3  j. 

Cuir 
vieilli 
4  j. 

Cuir 
vieilli 
5  j. 

Cuir 
vieilli 
6  j. 

Eclatement 

kg/mm 

23,5 

23,3 

21  ,7 

27,1 

ST 

3,78 

4,35 

4,84 

3,15 

2,49 

kg /mm 

SE 

3,73 

3,97 

2 , 83 

ST 

2,17 

2,39 

2,04 

1,98 

1,94 

2,32 

kg/mm2 

SE 

2,47 

2,16 

2,45 

2,43 

2,42 

2,58 

ST  *  sens  travers 


SE  :  sens  échine 


TABLEAU  N°  4 


RESISTANCE  MECANIQUE  ET  CHIMIQUE  D'UNE  PEAU  DE  VEmU 
APRES  UN  ESSAI  DE  VIEILLISSEMENT  ACCELERE  D'UNE  SEMAINE  A  100°C 


Cuir  vierge 

Cuir  vieilli  : 

Eclatement  kg/mm 

24,9 

21  ,0  : 

ST 

3,01 

1,85  ; 

Déchirure  _________________ 

kg/mm  SE 

2,39 

i  ,56  ; 

ST 

1,89 

1,59  ; 

Traction 

kg/mm2  SE 

2,40 

i  ,8a  ; 

Humidité  % 

8,9 

7,5  : 

* 

Matières  grasses  % 

5,8 

3,7  : 

pH 

3,6 

3,2 

Dilution  au  l/IOe 

4,2 

3,9 

Indice  de  différence 

0,6 

0,7 

* 

Azote  soluble  total  % 

0,05 

0,04 

ST  =  sens  travers 

SE  =  sens 

échine 

*  Les  pourcentages  sont  calculés  par  rapport  au  cuir  sec  et  dégraissé 


Tableau  N0  5 


RESISTANCE  MECANIQUE  ET  CHIMIQUE  D'UNE  PEaU  DE  Vt.AU 
APRES  UN  ESS/hI  DE  VIEILLISSEMENT  ACCELERE  DE  2  SEMaINES  m  100°C 


Cuir  vierge 

Cuir  vieilli 

:  Eclatement  kg/mm 

28,4 

23 , 7  : 

î  ST 

3,63 

2,27 

Déchirure 

•  kg/mm  SE 

3 24 

2,01 

:  „  ST 

1  ,?4 

1  ,43 

;  Traction 

:  kg/mm2  SE 

2,23 

1 ,77  ; 

:  Humidité  % 

10,8 

9,8 

1  * 

3,8  : 

:  Matières  grasses  % 

6,4 

:  pH 

3,6 

3,2  : 

Dilution  au  1/lOe 

4,3 

4,0  ; 

:  Indice  de  différence 

0,7 

0,8  : 

:  Azote  (  ammoniacal 

0,02 

0,01  : 

*  soluble  %  '  1  non  ammoniacal 

:  (*)  )  total 

0,02 

0,04 

0,04 

0,05  : 

ST  =  sens  travers 

SE  = 

sens  échine 

(*)  Les  pourcentages  sont  calculés  par  rapport  au  cuir  sec  et  dégraiss 


TABLEAU  N0  6 


RESISTANCE  MECANIQUE  ET  CHIMIQUE  D'UNE  PEaU  DE  VEAU 
APRES  UN  ESSaI  DE  VIEILLISSEMENT  ACCELERE  DE  2  SEMAINES  A  80°C 


Cuir  vierge 

Cuir  vieilli  : 

:  Eclatement  kg/mm 

25,4 

22,7  i 

Déchirure 

kg/mm 

ST 

3  30 

2,59 

SE 

3,08 

2,45  ; 

:  Traction 

:  kg/mm2 

ST 

1 ,83 

"1  :60  : 

SE 

2,10 

1,80  ; 

:  Humidité 

% 

7,4 

6,3  ; 

:  Matières 

grasses^  ^  % 

5,6 

4,5  : 

:  pH 

3,5 

3,2  ! 

1  Dilution 

au  1 / 1 Oe 

4,2 

3,9  ; 

:  Indice  de 

différence 

0,7 

0,7 

:  Azote  soluble  total*  % 

0,05 

0,04  : 

ST  =  sens  travers 

SE  = 

sens  échine 

*Les  pourcentages  sont  calculés  par  rapport  au  cuir  sec  et  dégraisse 


tableau  n°  7 


RESISTANCE  MECANIQUE  ET  CHIMIQUE  D’UNE  PEAU  DE  VE^U 
APRES  UN  ESSAI  DE  VIEILLISSEMENT  ACCELERE  DE  150  JOURS  A  50°C 


: 

Cuir  vierge  : 

Cuir  vieilli  : 

Eclatement  kg/mm 

23,7 

20,2  : 

,  .  ST 

Dechihure 

2,36 

1,52  ; 

kg/mm  SF 

2,08 

i  ,33  ; 

ST 

T  raction 

1  ,79 

1  ,99 

kg/mm2 

2,54 

2,07  ; 

TJ:  T’'- 

‘¿¡P 

Humidité  % 

8,3 

6,7 

pH 

3,5 

3,1  : 

Dilution  au  1/lOe 

4,1 

3,7 

Indice  de  différence 

0,6 

0,6  : 

* 

Azote  soluble  total  % 

0,05 

0,12  : 

ST  =  sens  travers 

*Les  pourcentages  sont  calculés  par 


SE  =  sens  échine 
rapport  au  cuir  sec. 


TaBLEaU  N0  8 


RESISTANCE  MECANIQUE  ET  CHIMIQUE  D'UNE  PEaU  DE  VEAU 
mPRES  VIEILLISSEMENT  ACCELERE  PmR  LE  PEROXYDE  D'HYDROGENE 


I 


Cuir 

Cuir 

vierge 

vieilli  : 

peroxyde  : 

:  Eclatement  kg/mm 

24,3 

13,7  : 

Déchirure 

ST 

3,79 

1,95  ; 

]  kg/mm 

SE 

2,73 

1 ,87 

:  Traction 

ST 

1  ,79 

1,11  ; 

•  '  kg/mm2 

SE 

1  ,98 

1,31  ; 

:  Humidité 

% 

8,5 

7,8  ; 

:  Matières 

grasses  % 

6 

6  : 

:  pH 

3,5 

1,8  *: 

‘  Dilution 

au  1/1 Oe 

4,0 

2,6 

:  Indice  de 

différence 

0,5 

0,8 

:  Azote 

(  ammoniacal 

0,  }  non  ammoniacal 

0,03 

0,10  : 

:  soluble 

0,02 

0,35  ; 

:  * 

)  total 

0,05 

0,45  : 

ST  . 

sens  travers 

SE  = 

sens  échine 

*  Les  pourcentages  sont  calculés  par  rapport  au  cuir  sec 
et  dégraissé. 


TABLEAU  N°  9 


ACTION  DE  L'OXYDE  D'ETHYLENE  SUR  LA  RESISTANCE  MECANIQUE  ET  CHIMIQUE 
D'UNE  PEAU  DE  VEAU  AVANT  ET  APRES  VIEILLISSEMENT  ACCELERE 
PAR  LE  PEROXYDE  D ’ HYDROGENE 


Cuir 

vierge 

Cuir 
vierge 
traité 
ox . éthy 

Cuir 

vieilli 

pe  roxyde 

J 

Cuir  : 

traité  : 
ox . éthy 1 . : 
vieilli  : 
peroxyde  : 

:  Eclatement  kg/mm 

26,3 

27,5 

15,8 

18,9  : 

;  ST 

3,58 

2,64 

1  ,54 

i  ,82  ; 

kg/mm  SE 

3,01 

2,26 

1  ,68 

1  ,85  5 

:  ST 

1 ,56 

1 ,80 

1  ,03 

1  ,02  : 

:  kg/mm2  SE 

2,41 

2,16 

1  , 10 

1,15  : 

:  Humidité  % 

9,8 

10,3 

10,7 

10,6  : 

:  Matières  grasses  % 

6,3 

6,2 

6,1 

6,2 

:  pH 

3,4 

3,5 

1,9 

1,9  : 

Dilution  au  1/lOe 

3,9 

4,0 

2,7 

2,7  ; 

:  Indice  de  différence 

0,5 

0,5 

0,8 

0, 8  : 

:  Azote  (  ammoniacal 

,  . ,  ,  }  non  ammoniacal 

:  soluble  U  ( 

:  *  )  total 

0,02 

0,02 

0,12 

0,13  : 

0,03 

0,05 

0,03 

0,05 

0,29 

0,41 

0,27  ; 

O;  40  : 

ST  =  sens  travers  SE  =  sens  échine 

*  Les  pourcentages  sont  calculés  par  rapport  au  cuir  sec  et  dégraissé. 


tableau  n°  io 


ACTION  DU  FORMALDEHYDE  SUR  LA  RESISTANCE  MBCaNIQUE  ET  CHIMIQUE 
D’UNE  PEAU  DE  VEAU  AVaNT  ET  APRES  VIEILLISSEMENT  ACCELERE 
PAR  LE  PEROXYDE  D'HYDROGENE 


Cuir 

vierge 

Cuir 
vie  rdje 
trait  é 
formai . 

Cuir 

vieilli 

pe  roxyde 

Cuir 
traité 
formai . 
vieilli 
peroxyde 

Eclatement  kg/mm 

25,6 

27,3 

16,2 

13,4 

Déchirure 

ST 

2,77 

2,33 

1  ,80 

1  ,76 

1  ,60 

2,00 

kg/mm 

SE 

2,72 

2,37 

T  rnr t i on 

ST 

2,06 

1,97 

1,16 

1  ,47 

SE 

2,31 

1  ,99 

1  ,56 

1  ,34 

Humidité 

/» 

8,2 

8,9 

8,5 

8,0 

Matières 

grasses  % 

5,9 

6,0 

5,4 

5,2 

pH 

3,4 

3,4 

1,9 

1,9 

Dilution 

au  1 /10e 

4,0 

4,0 

2,8 

2,8 

Indice  de 

différence 

0,6 

0,6 

0,9 

0,9 

Azote 

(  ammoniacal 

0,02 

0,01 

0,10 

0,10 

soluble 

%  1  non  ammoniacal 

)  total 

0,03 

0,03 

0,57 

0,51 

* 

0,05 

0,04 

0,67 

0,61 

*  Les  pourcentages  sont  calculés  par  rapport  au  cuir  sec  et  dégraiss 


tableau  n°  11 


ACTION  OU  LINDANE  SUR  RESISTANCE  MECANIQUE  ET  CHIMIQUE 
O' UNE  PEmU  DE  VE/aU  AVaNT  ET  mPRES  VIEILLISSEMENT  ACCELERE 
PAR  LE  PEROXYDE  D ’ HYDROGENE 


Cuir 

Cuir 

Cuir 

Cuir 

vierge 

traité 

vieilli 

traité 

lindane 

vierge 

lindane 

peroxyde 

vieilli 

peroxyde 

Eclatement  kg/mm 

29,2 

30,2 

16,5 

15,7 

n ,  .  -  ST 

Déchirure 

3,00 

2,47 

0,99 

1  ,43 

kg/mm 

2,67 

2,27 

1  ,30 

1 ,65 

T  4--  ST 

T  rac t ion 

1  ,95 

1  ,99 

1  ,06 

1 ,07 

kg/mm2 

2,22 

2,44 

1,16 

0,84 

Humidité  % 

11  ,3 

11,4 

13,0 

12,9 

Matières  grasses  7« 

6,3 

6,0 

5,7 

6,3 

pH 

3,9 

3,9 

2,0 

2,0 

Dilution  au  1/lOe 

4,5 

4,5 

2,8 

2,8 

Indice  de  différence 

0,6 

0,6 

0,8 

0,8 

Azote  (  ammoniacal 

0,03 

0,03 

0,15 

0,15 

soluble  %  1  non  ammoniacal 

*  (  total 

0,02 

0,03 

1  ,04 

1  ,03 

0,05 

0,06 

1  ,19 

1,18 

ST  =  sens  travers  SE  =  sens  échine 

*  Les  pourcentages  sont  calculés  par  rapport  au  cuir  sec  et  dégraissé. 
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Les  pourc jnta^es  sent  calculés  par  rapport  au  cuir  sec  et  dégraissé 
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PRESENTATION  OES  CALCULS  STATISTIQUES  CI-JOINTS 


Données 

Les  données  ayant  servi  aux  calculs  sont  imprimées  en 

¿i'  (XiuLÎAbC 

début  IC&Kjfy ,  ceci  afin  de  permettre  un  controle  et  un 
éventuel  retour  aux  sources. 

Chaque  ligne  représente  une  série  de  mesures  ayant  subi 
le  même  traitement.  Les  données  sont  divisées  en  blocs  de  1, 

2  ou  3  mesures.  Chaque  bloc  représente  un  petit  morceau  de 
peau . 

Quand  il  y  avait  plus  de  trois  mesures  (ou  des  mesures 
en  nombre  inégal ), elles  ont  alors  été  remplacées  par  la  moyenne 
des  mesures  pour  des  raisons  de  simplification  de  la  program¬ 
mation  et  parce  que  de  toutes  façons,  l'orthogonalité  multiple 
des  tests  en  carrés  latins  est  alors  partiellement  détruite. 

Quand  une  mesure  n'avait  pu  être  faite  par  suite  d'acci¬ 
dent  technique  (traction  perpendiculaire  sur  peau  de  veau  n° 
60,  déchirure  perpendiculaire  sur  peau  de  mouton  n°  62) ,  elle 
a  été  remplacée  par  une  mesure  fictive  ayant  pour  valeur  la 
moyenne  des  mesures  réalisées  sur  le  même  petit  morceau  de 
peau . 


Moyenne  des  pièces  non  traitées  .  Effet  différentiel  moyen 


Afin  de  mieux  présenter  les  résultats,  les  données  sont 
ensuite  centrées  sur  la  moyenne  des  pièces  non  trait.ées.  On 
ne  mesurera  ensuite  que  l'effet  différentiel  d'un  traitement 
par  rapport  à  l'absence  de  traitement. 

Dans  la  première  série  de  mesures,  on  compare  donc  le 
traitement  soit  à  la  peau  vierge,  soit  à  la  peau  vieillie. 

Dans  la  deuxième  série,  on  compare  les  trois  traitements 
à  la  peau  sans  traitement. 

'Sur  la  ligne  "Moyenne  des  pièces  non  traitées",  on  im¬ 
prime  la  ou  les  deux  moyennes  de  référence. 


Sur  la  ligne  "Eff. 
différence  des  moyennes 
non  traitée. 


t  différentiel  moyen",  on 
entre  une  peau  traitée  et 


imprime  la 
une  peau 


Organisation  des  tests  .  I.  Différence  des  moyennes 


Le  test  le  plus  classique  consiste  à  regarder  si  la 
différence  des  moyennes  est  significativement  différente  de 
ce  que  donnerait  une  répartition  selon  une  loi  de  Gauss. 

L'écart  type  de  la  différence  des  moyennes  est  égal  à 
-  la  somme  harmonique  des  écarts-types  de  chaque  moyenne.  (Ces 

écarts  types  sont  calculés  sur  la  ligne  "Ecart  type  des  mesures"). 

Comme  les  écarts  types  sont  mesurés  avec  un  nombre  rela¬ 
tivement  faible  d'expériences,  il  serait  normal  de  faire  un 
test  de  Student  (c'est-à-dire  un  test  où  l'on  augmente  l'in¬ 
certitude  de  façon  à  tenir  compte  de  la  variabilité  des  écarts 
types  mesurés).  Afin  de  simplifier  le  test,  nous  avons  préféré 
minorer  l'écart  type  d'une  des  moyennes  en  le  remplaçant  par 
l'écart  type  résiduel  quand  celui-ci  était  supérieur  a  l'écart 
type  mesuré  autour  de  cette  moyenne. 

\  Ecart  type  (m2  -  Ml  )  =  ’Max  (ET  (m2),  ER)2  +  Max  (ETml  ,  ER)2 

v  nb  de  mesures 

Nous  avons  ensuite  considéré  que  la  différence  des 
moyennes  était  "UN  PEU"  significative  quand  elle  dépassait  2 
écarts  types  et  "BEAUCOUP"  significative  quand  elle  dépassait 
3  écarts  types.  (Ce  qui  correspond  à  un  risque  de  5  %  et  de 
t  %  o  )  . 

Il  est  à  remarquer  que  ce  test  perd  presque  toute  sa 
signification  si  les  données  individuelles  sont  remplacées  par 
les  moyennes,  car  les  écarts  types  mesurés  deviennent  alors 
sujets  à  caution,  tandis  que  l'écart  type  résiduel  est  nul.  Ce 
-ÿ  test  a  alors  été  supprimé . 


*  L'écart  type  résiduel  est  la  moyenne  des  écarts  types 
internes  à  chaque  petit  carré. 


Ces  moyennes  ainsi  que  les  calculs  suivants  sont  impri¬ 
més  en  dixième  d'unité  afin  d'augmenter  la  précision  des 
données . 


Autres  effets  orthogonaux 

Une  propriété  très  intéressante  des  carrés  latins  est 
leur  décomposition  possible  en  n  +  1  effets  tous  orthogonaux 
entre  eux  et  ayant  chacun  n  —  1  degres  de  liberté  (n  étant 
la  dimension  du  carré). 

n2  (nombre  de  degrés  de  liberté  total)  =  1  (moyenne  générale) 
+  (n  +  1 )  (n  -  1  ) 

Mais  ces  séries  de  5  répartitions  orthogonales  sont 
entièrement  déterminées  par  deux  d'entre  elles.  Aussi,  si 
l'on  désire  tester  l'effet  vertical  et  l'effet  horizontal, 
on  est  obligé  d'utiliser  les  répartitions  suivantes  : 


1111 
2  2  2  2 

3  3  3  3 

4  4  4  4 
Effet 

horizontal 


5  6  7  8 

5  6  7  8 

5  6  7  8 

5  6  7  8 

Effet 

vertical 


9  +  -  O 

+  90-, 

-09  + 

O  -  +  9 

Effet 

diagonal 


A  D  B  C 

B  C  A  D 

C  B  D  A 

D  A  C  B 

Effet 

1 


X  Y  Z 

Z  Y  X  vV 

X  .V  Z  Y 

Y  Z  W  X 

Effet 

2 


Hélas.,  les  expériences  n'ont  pas  oté  menees  suivant  une 
configuration  (a,B,C,0)  ou  (W,X,Y,Z),  mais  selon  des  configu¬ 
rations  variables  selon  les  experiences. 


Aussi,  par  permutation,  nous  avons  confondu  l'effet 
horizontal  (ou  effet  ligne)  avec  l'effet  des  traitements. 

L'effet  horizontal  initial  est  devenu  effet  vertical. 


Les  trois  autres  effets  sont  alors  quelconques  et 
dépendent  de  la  configuration  de  chaque  expérience. 


Ainsi 

le  premier  a 
généi té  dans 
autres  étant 


parmi  les  quatre  effets  orthogonaux  testes,  seul 
une  signification  réelle  (l'effet  du  a  une  homo- 
le  sens  perpendiculaire  à  l'échine),  les  trois 
des  effets  quelconques  de  référence. 


1 1  Effet  maximum 


En  fait,  on  peut  constater  que  l'écart  type  résiduel  est 
souvent  très  inférieur  aux  écarts  types  entre  les  différents 
morceaux.  Ceci  est  dû  au  fait  que  les  peaux  ont  des  résistances 
très  différentes  selon  les  parties  considérées,  et  que  ce 
phénomène  vient  interférer  avec  l'effet  des  produits  testas. 
Afin  de  mettre  en  évidence  ce  phénomène,  nous  avons  procédé 
à  des  calculs  de  variance  expliquée  et  de  variance  résiduelle 
en  décomposant  la  variance  entre  ses  cinq  effets  orthogonaux 
principaux  (ou  20  effets  orthogonaux  élémentaires).  Cette 
variance  expliquée  étant  égalé  a  (mij  — m)  ,  finalement  nous 
avons  jugé  tout  aussi  simple  et  plus  parlant  de  comparer  les 
effets  différentiels  moyens,  afin  de  voir  s'ils  étaient 
maxima  ou  non.  La  probabilité  pour  qu'ün  effet  pris  au  hazard 
soit  maximum  est  de  1/20  =  5  %,  soit  la  même  limite  que  pour 
le  test  précédent. 

Nous  avons  donc  aalculé  les  trois  effets  maxima  parmi 
les  20  effets  étudiés.  Chaque  fois  que  les  effets  (maximum  1) 
ou  (maximum  1  et  maximum  2)  ou  (maximum  1  et  maximum  2  et 
maximum  3)  se  retrouvent  dans  l'ordre  parmi  les  effets  des 
traitements,  on  peut  considérer  que  ces  effets  sont  signifi¬ 
catifs  à  5  %  (c'est-à-dire  que  1 ' on  a  5%  de  chance  d'attribuer 
de  la  signification  à  un  evenement  aléatoire). 


** 
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PEAU  DE  MOUTON  77  -  TRAITEMENT  AU  FORM 
ECLATEMENT 
DONNEES 

26l  347  364  248  273  2XJ  255 

257  272  223  331  284  247 

212  182  232  2.1  24;  ?' 6 

173  172  115  234  192  199 

MOYENNE  OES  PIECES  NON  TRAITtS 

EFFET  DIFFERENTIEL  MOYEN - > 

AUTRES  EFFETS  ORTHOGONAUX  : 


ECART. TYPE  CES  MESURES 
ECART  TYPE  RESIOUEC  361 

TEST  EFFET  MAXIMUM  ? 

TEST  EFFET  SIGNIFICATIF  7 
«ECART-TYPE  DES  DIFFER  DE  MOY  | 

*4  **#  ********  ************************ 


5  2 SC  253 

245  241 

253 

i  276  2EB 

30.2  226 

198 

7  188  102 

242  182 

1  69 

5  197  Î97. 

165  23C 

1  84 

VIERGE 

TRAITEE  VIEILLIE 

TRAITEE 

TOTAL 

2666 

1912 

0 

-43 

f 

-34 

-19 

60 

49 

-94 

-91 

-19 

53 

-61 

-34 

-34 

-19 

199 

0 

57 

-333 

-19 

1.90 

14 

-86 

-184 

-19 

422 

3C3 

395 

289 

357 

NON 

NON 

NON 

NON 

C 

160 

154 

DECHIRURE  CANS  LE  SENS  TRANSVERSAL 
DONNEES 


382  422  541 

525  522  434  587 

450  420 

350  391 

319 

440  447  529 

336  412  426  445 

427  431 

2  5C  374 

21C 

200  259  163 

238  253  268  23Ú 

339  166 

99  118 

173 

V 

216  344  2C6 

276  397  263  193 

237  294 

197  237 

20  8 

VIERGE 

TRAITEE  VIEILLIE 

TRAITEE 

TOTAL 

MOYENNE  DES  PIECES  NON  TRAITES 

4452 

2129 

EFFET  DIFFERENTIEL  MOYEN - > 

0 

-429 

0 

427 

0 

AUTRES  EFFETS  ORTHOGONAUX  : 

167 

376 

225 

-768,. 

0 

-43 

-8 

52 

0 

0 

21 

312 

-3.07 

-27 

f\ 

-113 

82 

-134 

165 

C 

ECART. TYPE  CES 

MESURES 

789 

70  8 

689 

606 

764 

ECART  TYPE  RESIDUEL  654 

TEST  EFFET  MAXIMUM  ? 

NON 

NON 

TEST  EFFET  SIGNIFICATIF  7 

NON 

NON 

«ECART- TYPE  DES 

DIFFER  DE  HOYI  / 

0 

306 

r 

274 

A***«***«»»** *»«•••*** ****** ********* 


DECHIRURE  DANS  LE  SENS  DE  L1 

'ECHINE 

DONNEES 

347  399  449  473  450  4C2 

364 

426  376 

377  368 

427 

296  386  4S7  419  336  271 

385 

348  340 

375  277 

371 

230  300  2C5  231  244  142 

232 

95  189 

234  166 

103 

- 

216  226  274  303  338  208 

154 

158  203 

208  217 

198 

VIERGE 

TRAITEE  VIEILLIE 

TRAITEE  ' 

TOTAL 

* 

MOYENNE  DES  PIECES  NON  TRAITES 

4047 

1975 

EFFET  DIFFERENTIEL  MOYEN - 

1 

-462 

0 

277 

-45 

w 

AUTRES  EFFETS  ORTHOGONAUX  : 

176 

169 

-286 

-243 

-45 

-211 

-29 

-76 

133 

-45 

5 

-2  3 

-137 

-27 

-45 

-219 

119 

-168 

85 

-45 

ECART. TYPE  DES  MESURES 

382 

604 

584 

522 

593 

ECART  TYPE  RESIDUEL 

606 

TEST  EFFET  MAXIMUM  7 

MAXIMUMl 

NON 

TEST  EFFET  SIGNIFICATIF  7 

NON 

NON 

«  t  C  ART—  TYPE  DES  DIFFEP  DL  MOY 1 

0 

247 

0 

247 

**  *****  **  *«  *»  *******  «  **  ***************** 


TRACTION 

CANS  LE  SENS  TRANSVERSAL 

DONNEES 

( MOYENNES 

SEULEMENT ) 

211 

171 

2C2 

174 

* 

211 

160 

157 

115 

86 

80 

68 

61 

65 

67 

78 

75 

VIERGE 

TRAITEE 

VIEILLIE 

TRAITEE 

TOTAL 

MOYENNE  OcS  PIECES  NON  TFAI TES 

1895 

737 

-287 

-24 

-77 

AUTRES  EFFETS  ORTHOGONAUX  : 

116 

-121 

-53 

-253 

-77 

-31 

-126 

-13 

-141 

-77 

-76 

104 

-71 

-268 

-77 

-106 

-93 

-96 

-16 

-77 

> 

tCART.TYPE  CES  MESURES 

173 

340 

98 

54 

233 

ECART  TYPE  RESIDUEL 

J 

' 

TEST  EFFET  MAXIMUM  ? 

MAXIMUMl 

NON 

************************4  *************** 


TRACTION  DANS  LE  SENS  Oc  L'ECHINE 

OINNEES  (MOYENNES  SEULEMENT  1 

295  189 

227 

116 

2C2  266 

226 

94 

119  13u 

S  6 

54 

114  128 

136 

66 

VIERGE 

TRAITEE 

VIFILLIE 

TRAITEE 

MOYENNE  DES  PIECES  NON  TRAITES 

2C67 

9  97 

EFFET  DIFFERENTIEL  MOYEN - > 

0 

-97 

n 

113 

AUTRES  EFFETS  ORTHOGONAUX  : 

293 

2  5C 

180 

-707 

275 

-67 

-79 

-112 

225 

30 

6C 

-299 

1C  5 

-32 

120 

-177 

ECART. TYPE  DES  MESURES 

647 

637 

291 

271 

ECART  TYPE  RESIDU.EL 

r 

TEST  EFFET  MAXIMUM  7 

NON 

NON 

TOTAL 


»•»A**************************** 4***««** 

PEAU  OE  MOUTON  62  -  TRAITEMENT  AU  LIN  O  ANE 
ECLATEMENT 

DONNEES  (MOYENNES  SEULEMENT) 


186  239 

197 

233 

137  239 

212 

206 

92  135 

198 

138 

139  1*5 

187 

174 

VIERGE 

TRAITEE 

VIEILLIE 

TRAITEE 

TOTAL 

MOYENNE  DES  PIECES  NON  TRAITES 

2137 

1282 

EFFET  DIFFERENTIEL  MOYEN - > 

0 

-152 

0 

3  30 

44 

AUTRES  EFFETS  ORTHOGONAUX  : 

-324 

185 

150 

168 

44 

156 

88 

43 

-109 

44 

-7 

-1C2 

168 

120 

44 

75 

83 

73 

-52 

44 

ECART. TYPE  OES  MESURES 

226 

376 

214 

199 

317 

ECART  TYPE  RESIOUEL 

'sj 

TEST  EFFET  MAXIMUM  ? 

NON 

HAXIMUM1 

*4 *4  *********  **********  ***************** 

OECHIRURE  DANS  LE  SENS  TRANSVERSAL 

DONNE  ES 

972  955  923  396 

474 

555 

349  389 

975  900  522  945 

345 

383 

29C  274 

239  177  395  385 

375 

376 

271  195 

253  398  394  350 

267 

319 

154  139 

VIERGE 

TRAITEE 

VIEILLIE 

TRAITEE 

TOTAL 

MOYENNE  DES  PIECES  NON  TRAITES 

4328 

3C16 

EFFET  DIFFERENTIEL  MOYEN - > 

Cl 

-410 

0 

-173 

-145 

AUTRES  EFFETS  ORTHOGONAUX  : 

-85 

4C3 

195 

-1395 

-145 

9 

-50 

-302 

-230 

-145 

"9C 

49 

-288 

-253 

-145 

-ICO 

-914 

219 

213 

-145 

tC ART .TYPE  DES  MESURES 

663 

816 

854 

934 

840 

ECART  TYPE  RESIOUEL 

385 

TEST  EFFET  MAXIMUM  7 

NON 

NON 

TEST  EFFET  SIGNIFICATIF  ? 

NON 

NON 

(ECART-TYPE  DES  DIFFER  DE  MOY) 

0 

371 

0 

447 

DECHIRURE  CANS  LE  SENS  DE  L*  ECHINE 

DONNEES 

355  903  326  356 

322 

311 

400  376 

325  291  407  314 

322 

368 

290  362 

181  164  231  170 

147 

131 

165  ] 

L6T 

198  217  147  187 

181 

191 

150  ; 

242 

VIERGE 

TRAITEE 

VIEILLIE 

TPAITEE 

TOTAL 

MOYENNE  DES  PIECES  NON  TRAITES 

3561 

1695 

EFFET  DIFFERENTIEL  MOYEN - > 

0 

-212 

0 

196 

-3 

AUTRES  EFFETS  ORTHOGONAUX  : 

39 

44 

-161 

62 

-3 

58 

224 

-125 

-173 

-3 

14 

-75 

139 

-94 

-3 

100 

8 

-l 

-123 

-3 

ECART. TYPE  DES  MESURES 

328 

381 

272 

296 

353 

ECART  TYPE  RESIDUEL 

289 

TEST  EFFET  MAXIMUM  7 

NON 

NON 

TEST  EFFET  SIGNIFICATIF  ? 

NON 

NON 

(ECART-TYPE  DES  OIFFER  DE  MOY) 

0 

177 

0 

146 

•  *  «  ♦  **»»»  ♦•«A*************************** 


TRACTION 

CANS  LE  SENS  TRANSVERSAL 

DCA NE  ES 

(MOYENNES  SEULEMENT) 

158 

122 

132 

106 

141 

140 

139 

88 

89 

63 

86 

104 

VIERGE 

MOYENNE  DES  PIECES  NCN  TRAITES 

1355 

EFFET  DIFFERENTIEL  HOYEN - > 

0 

AUTRES  EFFETS  ORTHOGONAUX  : 

-22 

-32 

2 

-7 

ECART. TYPE 

CES  MESURES 

135 

ECART  TYPE 

RESIDUEL 

3 

TEST  EFFET 

MAXIMUM  7 

TRACTION 

CANS  LE  SENS  DE  L'ECHINE 

OOKNEES 

(MOYENNES  SEULEMENT) 

175 

188 

217 

113 

195 

192 

10  5 

148 

131 

118 

134 

1*6 

VIERGE 

MOYENNE  OES  PIECES  NON  TRAITES  17C5 

EFFET  DIFFERENTIEL  MOYEN - >  O 

AUTRES  EFFETS  ORTHOGONAUX  :  -152 

17 

17 

85 

ECART. TYPE  OES  MESURES  *23 

ECART  TYPE  RESIDUEL  3 

TEST  EFFET  MAXIMUM  ? 


130 

122 

92 

7* 


TRAITEE 

VIEILLIE 

1020 

TRAITEE 

TOTAL 

-82 

0 

-202 

-71 

-95 

-25 

-142 

-71 

-135 

-127 

10 

-Tl 

-187 

97 

-197 

-Tl 

0 

-117 

-160 

-71 

144 

NON 

214 

152 

MA  X  I MUM1 

184 

102 

137 

78 

78 

TRAITEE 

VIEILLIE 

TRAITEE 

TOTAL 

-112 

1155 

0 

35 

-19 

232 

285 

-442 

-19 

-30 

-117 

52 

-19 

-40 

-60 

5 

-19 

-22 

9" 

-230 

-19 

353 

265 

256 

336 

NON 

NON 

»• *4* 4« ****************  ***************** 

PEAU  DE  MOUTON  92  -  TRAITEMENT  A  L'OXYDE 


ECLATEMENT 

OCNNEES 

148  187  1 4°  171  227  l^l 

68  85  206  174  131  135 

134  138  154  126  155  143 

2C  0  178  204  164  152  119 

VIERGE 

MOYENNE  OES  PIECES  NON  TRAITES  1813 

Ef  F  ET  DIFFERENTIEL  MOYEN - >  0 

AUTRES  EFFETS  ORTHOGONAUX  :  -154 

-7 

-137 

-75 

ECART. TYPE  CES  MESURES  241 

ECART  TYPE  RESIOUEL  179 

TEST  EFFET  MAXIMUM  7 
TEST  EFFET  SIGNIFICATIF  7 
(ECART-TYPE  DES  DIFFER  DE  MOYJ  0 


******  *****  ************  ********  **•♦«*»*** 

DECHIRURE  CANS  LE  SENS  TRANSVERSAL 


0*  ETHYLENE 


195  183 

164  151 

102  81 

122  81 

TRAITEE  VIEILLIE 

TRAITEE 

TOTAL 

-420 

1341 

0 

184 

-58 

108 

39 

-223 

-58 

50 

-418 

139 

-58 

-259 

49 

111 

-58 

-250 

121 

-30 

-58 

426 

316 

400 

417 

MAXIMUM1 

UN. PEU 

173 

0 

NON 

NON 

181 

DOf  NEES 
376  375  365 
442  480  444 
246  224  214 
324  264  277 


362  360  386 
343  324  345 
219  217  284 
252  222  273 


MGYENNE  DES  PIECES  NON  TRAITES 

EFFET  DIFFERENTIEL  MOYEN - > 

AUTRES  EFFETS  ORTHOGONAUX  : 


ECART. TYPE  OES  MESURES 
ECART  TYPE  RESIDUEL 
TEST  EFFET  MAXIMUM  ? 

TEST  EFFET  SIGNIFICATIF  7 
(ECART-TYPE  OES  OIFFER  OE  MOVI 
********* ******************************* 
DECHIRURE  DANS  LE  SENS  OE  L'ECHINE 
DONNEES 

441  366  353 
37C  690  338 
149  261  269 
149  282  308 


327  371  375 

357  353 

334 

275  271  252 

292  327 

315 

291  264  316 

206  298 

256 

316  232  351 

203  232 

195 

TOTAL 

VIERGE 

TRAITEE  VIEILLIE 

TRAITEE 

3617 

2530 

0 

-192 

0 

87 

-25 

285 

-84 

-39 

-265 

-25 

-49 

-217 

372 

-208 

-25 

-221 

84 

-41 

74 

-25 

-16 

— 39C 

19 

283 

-25 

166 

712 

358 

469 

481 

316 

NON 

NON 

NON 

NON 

0 

224 

û 

170 

378  360  372 
370  375  28Û 
290  156  216 
246  283  215 


MOYENNE  OES  PIECES  NON  TRAITES 

EFFET  DIFFERENTIEL  MOYEN - > 

AUTRES  EFFETS  ORTHOGONAUX  î 


ECART.TYPE  CES  MESURES 
ECART  TYPE  RESIOUEL 
TEST  EFFET  MAXIMUM  7 
TEST  EFFET  SIGNIFICATIF  7 
(ECART-TYPE  DES  OIFFER  DE  MOY) 


374 

354  405 

378  391 

372 

365 

287  350 

259  231 

348 

2C4 

286  230 

257  288 

273 

2C9 

266  302 

221  308 

276 

VIERGE 

TRAITEE  VIEILLIE 

TRAITEE 

TOTAL 

3786 

2398 

0 

-233 

1 

156 

-18 

-141 

221 

-65 

-90 

-18 

268 

-120 

58 

-282 

-18 

-34 

-57 

223 

-207 

-18 

-255 

-67 

318 

-71 

-18 

234 

1111 

473 

466 

672 

786 

NON 

NON 

NON 

NON 

0 

392 

0 

320 

•  •»•«««»a  «*  •<  *************  *»  *** ******* 


TRACTION  DANS  LE  SENS  TRANSVERSAL 
DONNEES  (MOYENNES  SEULEMENT) 


153 

102 

101 

119 

109 

114 

81 

53 

74 

85 

73 

76 

VIERGE 

MOYENNE  DES  PIECES  NON  TRAITES  1145 

EFFET  DIFFERENTIEL  MOYEN - >  0 

AUTRES  EFFETS  ORTHOGONAUX  :  139 

-Il 

116 

-41 


ECART.TYPE 

DES  MESURES 

222 

ECART  TYPE 

RESIDUEL 

D 

TEST  EFFET 

'  MAXIMUM  ? 

**•*•*••*  ******************************* 

TRACTION 

DANS  LE  SENS  OE  L'ECHINE 

DONNEES 

(MOYENNES  SEULEMENT! 

157 

94 

135 

67 

174 

124 

86 

4e 

123 

195 

ne 

64 

VIERGE 

MOYENNE  DES  PIECES  NON  TRAITES 

1112 

EFFET  DIFFERENTIEL  MOYEN - > 

0 

AUTRES  EFFETS  ORTHOGONAUX  : 

321 

394 

164 

-41 


ECART.TYPE  CES  MESURES  376 

ECART  TYPE  RESIDUEL  2 

TEST  EFFET  MAXIMUM  7 


102 

74 

79 

32 


TRAITEE 

VIEILLIE 

717 

TRAITEE 

TOTAL 

-130 

0 

-52 

-45 

-88 

-18 

-213 

-45 

-46 

-16 

-108 

-45 

-193 

-11 

-93 

-45 

-108 

4 

-36 

-45 

160 

111 

204 

187 

NON  NON 


59 

91 

51 

80 


TRAITEE 

VIEILLIE 

TRAITEE 

TOTAL 

770 

28 

0 

352 

95 

124 

174 

-238 

95 

124 

-251 

114 

95 

-116 

16 

316 

95 

19 

446 

-43 

95 

401 

304 

505 

430 

NON 

NON 

*»***•*»*»*■*»*»*»**»•**«  *«*****»»  ******* 

PEAU  DE  CHEVRE  SO  -  TRAITEMENT  AU  FORMOL 
ECLATEMENT 
DONNE  ES 


3C3  329  319  31  9 

355  365 

338  292 

276  280  362  365 

325  256 

346  354 

272  250  268  26i 

180  239 

223  59 

131  139  186  176 

329  243 

209  86 

VIERGE 

TRAITEE  VIEILLIE 

TRAITEE 

TOTAL 

MOYENNE  OES  PIECES  NON  TRAITES 

2275 

2215 

EFFET  DIFFERENTIEL  MOYEN - > 

0 

30 

0 

-346 

-79 

AUTRES  EFFETS  ORTHOGONAUX  : 

-270 

70 

245 

-361 

-79 

-178 

-82 

-185 

130 

-79 

- 

-303 

-95 

293 

-211 

-79 

321 

-75 

-271 

-291 

-79 

ECART. TYPE  CES  MESURES 

231 

322 

684 

703 

551 

ECART  TYPE  RESIDUEL 

369 

- 

TEST  EFFET  MAXIMUM  7 

NON 

NON 

TEST  EFFET  SIGNIFICATIF  7 

NON 

NON 

(ECART-TYPE  DES  DIFFER  DE  HOY  I 

0 

184 

o 

346 

***  **  ♦*»  *** *********  **<  .-«*******«>*  éc**  *** 

_ 

DECHIRURE  CANS  LE  SENS  TRANSVERSAL 

«F 

DCN  NEES 

216  216  267  260  278  273 

330  346  321 

256  244 

360 

* 

280  303  268  266  260  267 

177  298  336 

255  253 

339 

187  186  161  130  78  114 

249  145  144 

262  139 

103 

241  177  235  193  121  18f 

168  178  173 

204  180 

227 

VIERGE 

TRAITEE  VIEILLIE 

TRAITEE 

TOTAL 

MOYENNE  OES  PIECES  NON  TRAITES 

2668 

1581 

EFFET  DIFFERENTIEL  MOYEN - > 

1 

-134 

0 

316 

45 

AUTRES  EFFETS  ORTHOGONAUX  : 

119 

-226 

163 

127 

45 

21 

-19 

13 

168 

45 

-71 

93 

12 

149 

45 

-172 

81 

213 

61 

45 

ECART. TYPE  DES  MESURES 

440 

417 

529 

319 

463 

ECART  TYPE  RESIDUEL 

528 

TEST  EFFET  MAXIMUM  7 

NON 

MA  XIMUMl 

TEST  EFFET  SIGNIFICATIF  ? 

NON 

NON 

(ECART-TYPE  OES  DIFFER  DE  MOY 1 

0 

215 

0 

-  215 

**************************************** 

OECHIRURE  DANS  LE  SENS  DE  L'ECHINE 

DCNNEES 

308  250  290  317  292  325 

269  274  290 

244  275 

271 

350  278  199  278  325  3CC 

268  255  330 

232  294 

252 

123  101  9C  134  241  208 

220  252  218 

194  216 

172 

. 

220  209  160  147  248  249 

169  204  187 

174  262 

188 

VIERGE 

TRAITEE  VIEILLIE 

TRAITEE 

TOTAL 

" 

MOYENNE  DES  PIECES  NON  TRAITES 

2837 

1807 

EFFET  DIFFERENTIEL  MOYEN - > 

0 

-36 

0 

207 

43 

AUTRES  EFFETS  ORTHOGONAUX  : 

-173 

231 

124 

-10 

43 

* 

232 

23 

97 

-181 

43 

'  ' 

117 

67 

-182 

170 

43 

-14 

-51 

100 

137 

43 

ECART. TYPE  DES  MESURES 

238 

412 

532 

358 

410 

ECART  TYPE  RESICUEL 

439 

TEST  EFFET  MAXIMUM  7 

NON 

NON 

TEST  EFFET  SIGNIFICATIF  7 

NON 

NON 

(ECART-TYPE  DES  DIFFER  DE  MOY 1 

G 

179 

0 

199 

»***  *********  444*444»  4  4***4»  4444**4444*4 

TRACTION  CANS  LE  SENS  TRANSVERSAL 
DCN  NEES  (MOYENNES  SEULEMENT  I 


250 

205 

211 

205 

210 

207 

216 

170 

112 

123 

113 

94 

1C  8 

107 

101 

109 

VIERGE 

TRAITEE 

VIEILLIE 

TRAITEE 

TOTAL 

MOYENNE  DES  PIECES  NON  TRAITES 

2177 

1105 

EFCET  DIFFERENTIEL  MOYEN - > 

0 

-189, 

0 

-42 

-57 

AUTRES  EFFETS  ORTHOGONAUX  : 

59 

-36 

-58 

-196 

-57 

56 

-31 

-116 

-141 

-57 

6 

-8 

-78 

-151 

-57 

-31 

-56 

-91 

-53 

-57 

V 

ECART. TYPE  DES  MESURES 

187 

166 

104 

31 

157 

ECART  TYPE  RESIDUEL 

0 

TEST  EFFET  MAXIMUM  ? 

NON 

NON 

444444444444444*44*444*44  4*44*  44*444  44  *44 

TRACTION  DANS  LE  SENS  OE  L'ECHINE 
DCNNEES  (MOYENNES  SEULEMENT» 


261 

264 

297 

2C5 

243 

288 

257 

246 

152 

220 

127 

141 

121 

152 

144 

144 

VIERGE 

TRAITEE 

VIEILLIE 

TRAITEE 

TOTAL 

MOYENNE  OES  PIECES  NON  TRAITES 

2567 

1600 

EFFET  DIFFERENTIEL  MOYEN - > 

0 

16 

0 

-197 

-44 

AUTRES  EFFETS  ORTHOGONAUX  : 

-141 

226 

-21 

-243 

-44 

-33 

-76 

-103 

34 

-44 

-56 

176 

-111 

-188 

-44 

94 

-41 

34 

-266 

-44 

ECART. TYPE  CES  MESURES 

3  30 

178 

357 

115 

279 

ECART  TYPE  RESIDUEL 

TEST  EFFET  MAXIMUM  7 

3 

NON 

NON 

*******  *****************»***********0,>** 

PEAU  OE  CHEVRE  101  -  TRAITEMENT  AU  IÎNOANE 
ECLATEMENT 


OCNNEES 
301  349  351 
274  214  216 
141  114  ica 
125  182  157 


226  3C2  26'J 

252  276  278 
133  121  170 
214  176  161 


MOYENNE  DES  PIECES  NON  TRAITES 

EFFET  DIFFERENTIEL  MOYEN - > 

AUTRES  EFFETS  OPTHOGONAUX  : 


ECART. TYPE  DES  MESURES 

ECART  TYPE  RF  S I  DUEL  50 

TEST  EFFET  MAXIMUM  ? 

TEST  EFFET  SIGNIFICATIF  ? 
(ECART-TYPE  DES  DIFFER  OE  MOYI 
**********************  *»*»  *1  **<»** 
DECHIRURE  CANS  LE  SENS  TRANSVERSAL 
DONNEES 

274  244  288  380  243  312  415 

202  201  220  322  314  348  394 

187  185  239  253  233  210  217 

224  296  176  2^4  242  254  215 

MOYENNE  DES  PIECES  NON  TRAITES 

EFFET  DIFFERENTIEL  MOYEN - > 

AUTRES  EFFETS  ORTHOGONAUX  : 


318  354  358 
227  313  37S 
205  249  192 
192  81  119 

VIERGE 
3182 
0 

-355 

60 

148 

-241 

362 


330  334  316 
359  209  284 
182  235  250 
139  235  204 
TRAITEE  VIEILLIE 
1749 
1 

22 
-323 
-348 


-448 
—  3C8 
-143 
-185 
-243 
528 


500 


TRAITEE 

-94 

98 

-135 

-157 

-64 

423 


TOTAL 

-135 

-135 

-135 

-135 

-135 

494 


498 


314  344  353 
302  267  274 
242  216  208 


ECART. TYPE  OES  MESURES 
ECART  TYPE  RESIOUEL 
TEST  EFFET  MAXIMUM  7 
TEST  EFFET  SIGNIFICATIF  ? 

(ECART-TYPE  DES  DIFFER  DE  MOY)  0 

**************************************** 
DECHIRURE  DANS  LE  SENS  OE  L'ECHINE 
OCNNEES 

271  264  3C8  286  280  250 

275  278  286  360  352  323 

217  244  165  241  222  277 

197  212  185  186  2C3  24C 

MOYENNE  DES  PIECES  NON  TRAITES 

EFFET  DIFFERENTIEL  MOYEN - > 

AUTRES  EFFETS  ORTHOGONAUX  : 


ECART. TYPE  OES  MESURES 
ECART  TYPE  RESIDUEL 
TEST  EFFET  MAXIMUM  7 
TEST  EFFET  SIGNIFICATIF  7 
(ECART-TYPE  DES  OIFFER  DE  MOY» 


4 

MAXIMUMI 

NON 

UN. PEU 

Non 

0 

210  0 

205 

!***  *** 

i  342  328 

331  335  342 

»  366  282 

275  337  294 

r  359  155 

235  276  319 

i  238  215 

218  334  253 

VIERGE 

TRAITEE  VIEILLIE 

TRAITEE 

TOTAL 

3282 

2389 

0 

-319  ,1 

1 

-79 

-5C9 

-31  102 

122 

-79 

-18 

32  -247 

-83 

-79 

25 

-161  -109 

-70 

-79 

-226 

33  160 

-283 

-79 

3  80 

606  550 

405 

514 

NON 

NON 

226 


238  250  276 
258  262  260 
217  226  222 


NON 

NON 

214 


»  252  243 
VIERGE 

134  155  141 
TRAITEE  VIEILLIE 

TRAITEE 

TOTAL 

2861 

0 

53 

2247 

0 

-203 

-37 

-135 

129 

211 

-354 

-37 

-75 

-103 

45 

-15 

-37 

-70 

-37 

132 

-174 

-37 

81 

-291 

200 

-139 

-37 

351 

339 

253 

475 

377 

35 

0 

NON 

NON 

140 

0 

NON 

NON 

155 

*«*•**• ****** *4 ******************  ******* 

TRACTION  DANS  LE  SENS  TRANSVERSAL 
DONNEES  (MOYENNES  SEULEMENT* 

180  205  I85 

184  214  165 

i32  117  “i 

IJ*,  12C  108 


MOYENNE  OES  PIECES  NON  TRAITES 

EFFET  DIFFERENTIEL  MOYEN - > 

AUTRES  EFFETS  ORTHOGONAUX  : 


ECART. TYPE  DES  MESURE i 
ECART  TYPE  RÉSIDUEL 

TEST  EFFET  MAXIMUM 

TRACTION  CANS  LE  SENS  OE  L’ECHINE 
OCNNEES  (MOYENNES  SEULEMENT» 

162  197  189 

189  212  191 

71  160  180 

94  162  182 

MOYENNE  DES  PIECES  NON  TRAITES 

EFFET  DIFFERENTIEL  MOYEN - > 

AUTRES  EFFETS  ORTHOGONAUX  *. 


VIERGE 

1757 

0 

-16 

49 

21 

-101 

263 


ECART. TYPE  DES  MESURES 
ECART  TYPE  RESIDUEL 
TEST  EFFET  »«AXIMUM  7 


VIERGE 

1902 

0 

-327 

200 

-24 

30 

164 


133 

161 

150 

121 

TRAITEE  VIEILLIE 
1275 
0 

-93 

101 
-48 
116 

150 


53 

124 

-218 

1 

41 

2C9 


NON 


213 

155 

122 

173 

TRAITEE 

-34 

210 

28 

160 

-37 

204 

NON 


VIEILLIE 

1332 

0 

238 

108 

78 

-74 

415 


-142 

-103 

-21 

-63 

-146 

73 

NON 


TRAITEE 

195 

40 

-174 

-52 

243 

346 

NON 


-22 

-22 

-22 

-22 

-22 

201 


4C 

316 


5SS 


*«**•*•» •»*•*•** ********  **************** 

PEAU  DE  CHEVRE  81  -  TRAITEMENT  A  L'OXYOE  O  *  ETHYLENE 

ECLATEMENT 
DONNEES 


144  153  236  221 

252  278 

250  306 

245  233  234  221 

249  241 

236  230 

121  109  69  1  87 

116  186 

163  207 

63  136  73  160 

96  183 

166  166 

VIERGE 

TRAITEE  VIEILLIE 

TRAITEE 

TOTAL 

MOYENNE  OES  PIECES  NON  TRAITES 

2300 

1447 

EFFET  DIFFERENTIEL  MOYEN - > 

0 

61 

0 

-143 

-20 

AUTRES  EFFETS  ORTHOGONAUX  : 

-368 

-122 

127 

281 

-20 

-141 

2 

106 

-49 

-20 

-136 

121 

26 

-93 

-20 

-251 

12 

69 

87 

-20 

ECART. TYPE  OES  MESURES 

529 

82 

448 

436 

418 

ECART  TYPE  RESIDUEL 

2  27 

TEST  EFFET  MAXIMUM  ? 

NON 

NON 

TEST  EFFET  SIGNIFICATIF  7 

NON 

NON 

«ECART-TYPE  DES  DIFFER  DE  MOY) 

0 

219 

0 

221 

»*»*4  ***************  *4  ************ 

DECHIRURE  DANS  LE  SENS  TRANSVERSAL 

DONNEES 

255  322  228  263  258  236 

262  265  262 

300  255 

329 

281  261  334  253  262  259 

241  272  230 

234  243 

228 

188  266  217  184  199  226 

161  214  155 

191  191 

175 

1Û4  107  173  164  212  108 

167  221  169 

21C  186 

222 

VIERGE 

TRAITEE  VIEILLIE 

TRAITEE 

TOTAL 

MOYENNE  DES  PIECES  NON  TRAITES 

2695 

1972 

EFFET  DIFFERENTIEL  MOYEN - > 

0 

-71 

0 

-252 

-80 

AUTRES  EFFETS  ORTHOGONAUX  : 

-53 

-146 

-92 

-30 

-80 

-61 

-108 

-27 

-126 

-80 

-134 

76 

88 

-353 

-60 

-86 

32 

-246 

-21 

-80 

ECART. TYPE  DES  MESURES 

299 

270 

290 

422 

342 

ECART  TYPE  RESIDUEL 

318 

TEST  EFFET  MAXIMUM  ? 

NON 

NON 

TEST  EFFET  SIGNIFICATIF  7 

NON 

NON 

«ECART-TYPE  DES  DIFFER  DE  MOY) 

0 

129 

0 

152 

*********************** ***************** 

DECHIRURE -CANS  LE  SENS  DE  L'ECHINE 

DCNNEES 

256  280  228  231  257  216 

234  235  242 

234  281 

217 

223  256  291  246  216  225 

238  242  326 

232  321 

264 

231  231  191  210  210  258 

2G2  165  199 

153  142 

182 

224  193  161  134  133  187 

248  183  229 

194  220 

224 

VIERGE 

TRAITEE  VIEILLIE 

TRAITEE 

TOTAL 

MOYENNE  DES  PIECES  NON  TRAITES 

2425 

1978 

EFFET  DIFFERENTIEL  MOYEN - > 

0 

225 

0 

-36 

47 

AUTRES  EFFETS  ORTHOGONAUX  s 

186 

-99 

84 

18 

47 

11 

126 

57 

-5 

47 

-117 

212 

75 

19 

47 

231 

132 

-157 

-16 

47 

ECART. TYPE  OES  MESURES 

207 

383 

324 

355 

341 

ECART  TYPE  RESIDUEL 

327 

TEST  EFFET  MAXIMUM  ? 

NON 

NON 

TEST  EFFET  SIGNIFICATIF  ? 

NON 

NON 

«ECART-TYPE  DES  DIFFER  OE  MOY) 

0 

145 

0 

139 

**  ************************  ************** 

TRACTION  DANS  LE  SENS  TRANSVERSAL 

OCNNFES  «MOYENNES  SEULEMENT  I 

167  121 

134 

183 

141  138 

127 

146 

94  99 

102 

116 

79  81 

96 

116 

VIERGE 

TRAITEE 

VIEILLIE 

TRAITEE 

TOTAL 

MOYENNE  DES  PIECES  NON  TRAITES 

1512 

1027 

EFFET  DIFFERENTIEL  MOYEN - > 

0 

-132 

0 

-97 

-57 

AUTRES  EFFETS  ORTHOGONAUX  : 

-67 

-172 

-122 

133 

-57 

38 

-49 

-84 

-132 

-57 

-4  2 

-44 

8 

-149 

-57 

0 

-124 

-102 

-2 

-57 

ECART. TYPE  DES  MESURES 

248 

69 

81 

148 

165 

ECART  TYPE  RESIOUEL 

3 

TEST  EFFET  MAXIMUM  7 

NON 

NON 

*******•****************************'  *** 

TR ACTION  CANS  LE  SENS  DE  L'ECHINE 

DCNNEES  (MOYENNES  SEULEMENT) 

191  230 

184 

226 

183  206 

287 

183 

128  164 

166 

149 

106  141 

174 

139 

VIERGF 

TRAITEE 

VIEILLIE 

TRAITEE 

TOTAL 

MOYENNE  OES  PIECES  NON  TRAITES 

2077 

1517 

EFFET  DIFFERENTIEL  MOYEN - > 

0 

7C 

ù 

-117 

-11 

AUTRES  EFFETS  ORTHOGONAUX  : 

-277 

55 

230 

-54 

-Il 

-42 

16C 

43 

-207 

-11 

123 

-122 

38 

-84 

-11 

-17 

163 

-184 

-7 

-11 

ECART. TYPE  DES  MESURES 

2C4 

427 

152 

240 

284 

ECART  TYPE  RESIOUEL 

3 

TEST  EFFET  MAXIMUM  7 

NON 

NON 

VIERGE 


PEAU  OE  VEAU  67  - 

ECLATEMENT 
OCNNEES 


262  223  315  360 

359 

353 

281  260 

316  326  255  361 

292 

2  86 

260  286 

361  323  316  350 

311 

326 

283  272 

2C0  273  328  336 

293 

291 

292  291 

RIEN 

FORMOL  LINDANE 

ox.ethyln 

TOTAL 

MOYENNE  OES  PIECES  NON  TRAITES 

2991 

EFFET  DIFFERENTIEL  MOYEN - > 

0 

-38 

166 

-113 

3 

AUTRES  EFFETS  ORTHOGONAUX  : 

-161 

257 

150 

-236 

3 

-112 

-193 

79 

239 

3 

-161 

262 

-36 

-76 

3 

-139 

136 

-71 

89 

3 

ECART. TYPE  OES  MESURES 

517 

285 

2  50 

383 

387 

ECART  TYPE  RESIDUEL 

22’’ 

TEST  EFFET  MAXIMUM  ? 

NON 

NON 

NON 

TEST  EFFET  SIGNIFICATIF  7 

NON 

NON 

NON 

«ECART-TYPE  DES  DIFFER  DE  MOY 1 

0 

208 

203 

227 

4  ****»««4 «4 *♦*♦**♦*♦***♦ ************** 

OECHIRURE  CANS  LE  SENS  TRANSVERSAL 

DONNEES 

630  355  388  302  275  262 

252 

266  288 

236  280 

256 

355  375  651  321  312  600 

266 

259  271 

167  182 

208 

600  379  621  258  252  290 

371 

600  607 

232  236 

259 

353  368  615  232  278  231. 

270 

291  306 

226  266 

225 

RIEN 

FORMOL  LINDANE 

OX.ETHYLN 

TOTAL 

MOYENNE  DES  PIECES  NON  TRAITES 

2989 

EFFET  DIFFERENTIEL  MOYEN - > 

a 

-18 

263 

-126 

30 

AUTRES  EFFETS  ORTHOGONAUX  : 

90  2 

-166 

66 

-683 

30 

626 

-89 

19 

-235 

30 

-128 

-70 

236 

86 

30 

-159 

-32 

77 

236 

30 

ECART. TYPE  DES  MESURES 

576 

865 

733 

576 

706 

ECART  TYPE  RESIDUEL 

306 

TEST  EFFET  MAXIMUM  7 

NON 

NON 

NON 

TEST  EFFET  SIGNIFICATIF  7 

NON 

NON 

NON 

(ECART-TYPE  DES  DIFFER  DE  MOYI 

0 

295 

269 

236 

**************************************** 

OECHIRURE  DANS  LE  SENS  DE  L'ECHINE 

OCNNEES 

316  271  366  228  198  262 

292 

260  267 

206  220 

216 

211  251  266  195  255  226 

2C2 

228  252 

218  228 

316 

315  313  363  276  253  35C 

191 

268  201 

212  257 

213 

311  370  685  228  222  276 

210 

209  252 

207  277 

222 

RIEN 

FORMOL 

LINOANE 

OX.ETHYLN 

TOTAL 

MOYENNE  OES  PIECES  NON  TRAITES 

2581 

EFFET  DIFFERENTIEL  MOYEN - > 

0 

-226 

79 

163 

0 

AUTRES  EFFETS  ORTHOGONAUX  : 

582 

-108 

-221 

-256 

c 

-88 

226 

-290 

150 

r 

-66 

12 

-117 

169 

Ó 

138 

-61 

203 

-302 

C 

ECART. TYPE  DES  MESURES 

671 

308 

528 

795 

571 

ECART  TYPE  RESIDUEL 

6  26 

TEST  EFFET  MAXIMUM  ? 

NON 

NON 

NON 

TEST  EFFET  SIGNIFICATIF  7 

NON 

NON 

NON 

(ECART-TYPE  DES  DIFFER  DE  MOYI 

0 

182 

206 

266 

•  ***  *4***4«  *4  *************  ************** 

TRACTION  DANS  LE  SENS  TRANSVERSAL 

OCNNEES 

177  176  172  166  161  165 

196 

198  226 

206  210 

226 

165  139  160  138  152  136 

166 

160  159 

238  233 

260 

238  237  202  171  173  150 

179 

172  168 

116  111 

173 

200  160  117  156  160  166 

170 

152  163 

176  210 

206 

RIEN 

FORMOL  LINOANE 

ox.ethyln 

TOTAL 

MOYENNE  DES  PIECES  NON  TRAITES 

1867 

EFFET  DIFFERENTIEL  MOYEN - > 

0 

-163 

-105 

-188 

-109 

AUTRES  EFFETS  ORTHOGONAUX  : 

-111 

-338 

-91 

103 

-109 

-130 

-118 

-396 

208 

-139 

-292 

-73 

9 

-81 

-109 

-1 

-28 

-261 

-166 

-109 

ECART. TYPE  DES  MESURES 

288 

395 

376 

270 

363 

ECART  TYPE  RESIDUEL 

193 

TEST  EFFET  MAXIMUM  7 

NON 

NON 

NON 

TEST  EFFET  SIGNIFICATIF  7 

NON 

NON 

NON 

(ECART-TYPE  DES  OIFFER  DE  MOY) 

0 

161 

136 

113 

************************ ***♦ ************ 

TRACTION  DANS  LE  SENS  DE  L'ECHINE 

DONNEES 

301  257  232  266  210  269 

215 

227  295 

173  161 

189 

256  276  337  279  286  266 

227 

216  262 

153  138 

133 

312  253  291  278  285  291 

236 

236  302 

136  93 

78 

237  236  179  298  280  266 

256 

263  279 

169  168 

182 

RIEN 

FORMOL 

LINOANE 

ox.ethyln 

TOTAL 

MOYENNE  DES  PIECES  NON  TRAITES 

2327 

EFFET  DIFFERENTIEL  MOYEN - > 

0 

23 

-6 

-36 

-6 

AUTRES  EFFETS  ORTHOGONAUX  : 

308 

379 

163 

-867 

-6 

78 

-68 

-86 

60 

-6 

-160 

135 

158 

-169 

-6 

63 

8 

-226 

158 

-6 

ECART. TYPE  CES  MESURES 

636 

613 

797 

665 

596 

ECART  TYPE  RESIDUEL 

307 

TEST  EFFET  MAXIMUM  7 

NON 

NON 

NON 

TEST  EFFET  SIGNIFICATIF  7 

NON 

NON 

NON 

(ECART-TYPE  OES  DIFFER  DE  MOYI 

0 

217 

262 

186 

*«  *»*****4i«  •»  **** 

PEAU  DE  VEAU  60 
ECLATEMENT 
OCNNEES 
167  209 
231  252 
311  231 
23  7  149 


i***************  ******* 

-  vieillie  a  la  chaleur 


267  253 
288  217 
231  223 
260  256 


254 


MOYENNE  DES  PIECES  NON  TRAITES 

EFFET  DIFFERENTIEL  MOYEN - > 

AUTRES  EFFETS  ORTHOGONAUX  : 


ECART. TYPE  OES  MESURES 

ECART  TYPE  RESIDUEL  21. 

TEST  EFFET  MAXIMUM  ? 

TEST  EFFET  SIGNIFICATIF  ? 
(ECART-TYPE  DES  01  FF  ER  DE  MÜY1 
***  ********  *****************  *».***», 
DECHIRURE  CANS  LE  SENS  TRANSVERSAL 
OCNNEES 

310  203  184  176  167  160  292 

175  159  251  215  192  189  154 

193  200  227  254  167  190  298 

168  196  181  171  169  151  156 

MOYENNE  DES  PIECES  NON  TRAITES 

EFFET  DIFFERENTIEL  MOYEN - > 

AUTRES  EFFETS  ORTHOGONAUX  : 


ECART. TYPE  DES  MESURES 
ECART  TYPE  RESIDUEL 
TEST  EFFET  MAXIMUM  7 
TEST  EFFET  SIGNIFICATIF  7 
(ECART-TYPE  DES  OIFFER  DE  MOY»  ,j 

*********  ******* ******** **************** 
DECHIRURE  CANS  LE  SENS  OE  L'ECHINE 
OCNNFES 


25  C 

284  298 

227 

295  230 

258 

237  263 

258 

301  279 

RIEN 

FORMOL 

LINDANE 

ox. fthvln 

TOTAL 

2465 

° 

-20 

1  81 

-65 

24 

-143 

28 

-57 

268 

24 

12 

-171 

-1 

256 

24 

-171 

48 

281 

-62 

24 

-186 

266 

-146 

162 

24 

391 

1 

290 

357 

454 

389 

NON 

NON 

NON 

NON 

NON 

NON 

C 

172 

187 

211 

****** 

230  246 

159  181 

158 

168  202 

15C  174 

177 

189  226 

272  153 

160 

173  161 

139  157 

158 

RIEN 

FORMOL  LINDANE 

OX.ETHYLN 

TOTAL 

20  5-5 

1 

-207 

51 

-387 

-135 

10 

-219 

25 

-358 

-135 

-4 

-222 

-245 

-70 

-135 

-142 

—  3C 

-217 

-152 

-135 

-138 

-303 

38 

-139 

-135 

504 

295 

440 

155 

412 

* 

NON 

NON 

MAXIMUM1 

NON 

NON 

UN. PEU 

0 

193 

193 

193 

180  23C  219 

190  166  206 

168 

189  185 

2C8  222 

1  58 

168  25C  243 

220  202  234 

125 

164  133 

168  159 

174 

208  213  213 

177  175  195 

203 

19C  212 

162  157 

159 

233  215  314 

141  158  158 

163 

156  152 

178  149 

205 

RIEN 

FORMOL  LINDANE 

OX.ETHYLN 

TOTAL 

_ 

MOYENNE  DES  PIECES  NON  TRAITES 

195C 

EFFET  DIFFERENTIEL  MOYEN - > 

0 

-83 

-63 

-98 

-6) 

AUTRES  EFFETS 

ORTHOGONAUX  : 

288 

-98 

-233 

-200 

-61 

68 

-17 

-140 

-155 

-61 

* 

-295 

-31 

7 

75 

-61 

—  160 

-158 

98 

-24 

-61 

ECART. TYPE  DES 

MESURES 

213 

404 

209 

477 

348 

ECART  TYPE  RESIDUEL 

262 

TEST  EFFET  MAXIMUM  7 

NON 

NON 

NON 

TEST  EFFET  SIGNIFICATIF  7 

NON 

NON 

NON 

(ECART-TYPE  OES  DIFFER  DE  M0Y1 

0 

139 

106 

157 

**********  *********  **» •»**  »«  *>  ********** 

TRACTION  DANS  LE  SENS  TRANSVERSAL 
OCNNEES 


140  102  86  154  191  197 

19G 

186  186 

124  193 

170 

178  171  159  77  97  175 

157 

1 50  15  3 

184  209 

¿C2 

160  165  174  139  158  154 

12C 

114  132 

176  211 

215 

190  224  228  146  15C  158 

157 

143  152 

1 8r  172 

151 

RIEN 

FORMOL 

LINDANE 

OX.ETHYLN 

TOTAL 

MOYENNE  DES  PIECES  NON  TRAITES 

1598 

EFFET  DIFFERENTIEL  MOYEN - > 

1 

-63 

8 

111 

14 

AUTRES  EFFETS  ORTHCGONAUX  : 

49 

-159 

-56 

224 

14 

• 

-359 

102 

155 

160 

14 

* 

-61 

es 

-167 

.197 

14 

« 

-76 

72 

139 

-77 

14 

ECART. TYPE  DES  MESURES 

369 

39* 

29“. 

281 

343 

\ 

ECART  TYPE  RESIOUEL 

21p 

TEST  EFFET  MAXIMUM  7 

NON 

NON 

NON 

TEST  EFFET  SIGNIFICATIF  7 

NON 

NON 

NON 

(ECART-TYPE  CES  DIFFER  DE  MOY» 

0 

155 

156 

133 

*«  **  «i********************  ************** 

- 

TRACTION  CANS  LE  SENS  DF  L'ECHINE 

OCNNEES 

169  196  14C  2r0  205  214 

25C 

270  260 

167  153 

161 

192  202  225  245  254  236 

227 

230  254 

137  134 

1  31 

180  157  2C0  2C8  238  171 

215 

195  26? 

161  153 

180 

152  124  134  213  192  132 

256 

240  26C 

177  167 

I  87 

RIEN 

FORMOL  LINDANE 

OX.ETHYLN 

TOTAL 

MOYENNE  DES  PIECES  NCN  TRAITES 

1987 

EFFET  DIFFERENTIEL  MOYEN - > 

0 

60 

-90 

—  1-8 

-32 

AUTRES  EFFETS  ORTHOGONAUX  : 

-294 

119 

44  3 

-397 

-32 

47 

—  18  7 

78 

-65 

-32 

-72 

102 

.  103 

-261 

-32 

-112 

11 

3 

-31 

-32 

ECART. TYPE  OES  MESURES 

414 

452 

290 

467 

417 

ECART  TYPE  RESIOUEL 

187 

TEST  EFFET  MAXIMUM  7 

NON 

NON 

NON 

TEST  EFFET  SIGNIFICATIF  7 

NON 

NON 

NCN 

(ECART-TYPE  OES  DIFFER  OE  MOY) 

0 

176 

145 

180 

*****  ******  ***************  ************** 

PEAU  DE  CHEVRE  109  -  VIERGE 
fcCLATEHENT 
DONNEES 


237  241  226  344 

245 

260 

325  234 

233  237  283  279 

314 

239 

274  298 

235  285  247  298 

3C4 

289 

255  330 

200  224  292  31C 

283 

327 

353  298 

RIEN 

FORMOL  LINOANE 

ox.ethyln 

TOTAL 

MOYENNE  DES  PIECES  NON  TRAITES 

2640 

JL 

EFFET  DIFFERENTIEL  MOYEN - > 

0 

56 

163 

218 

109 

AUTRES  EFFETS  ORTHOGONAUX  : 

-2  75 

208 

186 

318 

109 

-• 

215 

-38 

153 

108 

109 

132 

73 

173 

58 

109 

116 

227 

-45 

140 

109 

ECART. TYPE  OFS  MESURES 

419 

282 

300 

476 

388 

ECART  TYPE  RESIDUEL 

326 

TEST  EFFET  MAXIMUM  7 

NON 

NON 

NON 

m¡m 

TEST  EFFET  SIGNIFICATIF  7 

NON 

NON 

NON 

* 

«ECART-TYPE  DES  DIFFER  DE  MOYI 

0 

187 

187 

224 

*******#*+*********«*****♦************** 

- 

OECHIRURE  CANS  LE  SENS  TRANSVERSAL 

DONNEES 

"  * 

348  289  271  275  307  280 

29  5 

253  315 

222  266 

250 

• 

246  240  243  290  332  35C 

251 

254  294 

205  225 

242 

283  293  2F7  294  396  334 

346 

420  452 

169  163 

346 

i 

278  278  259  322  212  28C- 

22C 

323  310 

238  280 

391 

RIEN 

FORMOL  1 

LINDANE 

OX.ETHYLN 

TOTAL 

« 

MOYENNE  DES  PIECES  NON  TRAITES 

2808 

EFFET  DIFFERENTIEL  MOYEN - > 

1 

-164 

344 

17 

49 

AUTRES  EFFETS  ORTHOGONAUX  : 

-45 

252 

302 

-310 

49 

531 

5 

-206 

-131 

49 

-142 

129 

47 

164 

49 

72 

52 

-34 

107 

49 

ECART. TYPE  OES  MESURES 

318 

415 

845 

476 

581 

ECART  TYPE  RESIOUEL 

526 

TEST  EFFET  MAXIMUM  7 

NON 

NON 

NON 

TEST  EFFET  SIGNIFICATIF  7 

NON 

NON 

NON 

(ECART-TYPE  DES  DIFFER  OE  MOY) 

0 

214 

287 

214 

*********************************** 

***** 

DECHIRURE  CANS  LE  SENS  DE  L • ECHINE 

ÛCKNEES 

236  238  250  221  26C  225 

256 

257  252 

148  254 

254 

226  200  257  222  303  290 

303 

199  246 

214  230 

189 

# 

230  262  286  283  340  314 

236 

277  249 

203  230 

219 

330  301  238  253  188  30C 

212 

287  303 

253  260 

260 

- 

RIEN 

FORMOL  1 

LINDANE 

OX.ETHYLN 

TOTAL 

MOYENNE  DES  PIECES  NON  TRAITES 

2375 

EFFET  DIFFERENTIEL  MOYEN - > 

0 

24 

232 

279 

134 

AUTRES  EFFETS  ORTHOGONAUX  : 

170 

290 

189 

-113 

134 

186 

300 

-5 

55 

134 

- 

12 

256 

167 

100 

134 

- 

20  5 

129 

209 

-6 

134 

ECART. TYPE  DES  MESURES 

296 

3  86 

389 

392 

388 

ECART  TYPE  RESIDUEL 

426 

TEST  EFFET  MAXIMUM  7 

NON 

NON 

NON 

TEST  EFFET  SIGNIFICATIF  7 

NON 

NON 

NON 

(ECART-TYPE  DES  OIFFER  DE  MOYI 

0 

173 

173 

173 

***********  *********  *************  ******* 

TRACTION  CANS  LE  SENS  TRANSVERSAL 
DONNEES 


175  193  187  127  196  126  147 

158  162 

235  266 

276 

126  118  131  125  153  143  151 

152  135 

161  153 

128 

165  168  143  137  150  141  198 

20  7  21  9 

200  168 

155 

207  215  2C 5  211  201  178  141 

128  126 

200  198 

2C7 

RIEN 

FORMOL  LINDANE 

OX.ETHYLN 

TOTAL 

MOYENNE  DES  PIECES  NON  TRAITES 

1874 

EFFET  DIFFERENTIEL  MOYEN - > 

1 

-477 

-148 

-26 

-162 

AUTRES  EFFETS  ORTHOGONAUX  : 

-163 

-30C 

-270 

83 

-162 

-36 

19 

-422 

-211 

-162 

-119 

-311 

-131 

-89 

-162 

-357 

-217 

-175 

99 

-162 

ECART. TYPE  DES  MESURES 

478 

135 

256 

320 

374 

ECART  TYPE  RESIDUEL  184 

TEST  EFFET  MAXIMUM  ? 

MAXIMUM1 

NON 

NON 

TEST  EFFET  SIGNIFICATIF  ? 

BEAUCOUP 

NON 

NON 

(ECART-TYPE  DES  OIFFER  DE  MOYI 

0 

147 

156 

166 

**************************  ************** 

TRACTION  CANS  LE  SENS  DE  L'ECHINE 

DGNNÍES 

258  238  239  270  273  27?  230 

213  257 

175  200 

195 

244  267  253  242  250  24C  250 

256  280 

180  127 

147 

242  219  237  192  207  219  315 

3L0  26  6 

205  20  8 

224 

161  179  171  267  320  318  262 

282  310 

166  190 

186 

RIEN 

FORMOL 

LINOANE 

OX.ETHYLN 

TOTAL 

MOYENNE  DES  PIECES  NON  TRAITES 

2  350 

EFFET  DIFFERENTIEL  MOYEN - > 

0 

-70 

11 

-6 

-16 

AUTRES  EFFETS  ORTHOGONAUX  : 

-9  3 

2C9 

334 

-514 

-16 

58 

-279 

209 

-52 

-16 

202 

-163 

28 

-131 

-16 

-132 

18 

-200 

25C 

-16 

ECART. TYPE  DES  MESURES 

317 

467 

371 

616 

458 

ECART  TYPE  RESIDUEL  204 

TEST  EFFET  MAXIMUM  7 

NON 

NON 

NON 

TEST  EFFET  SIGNIFICATIF  7 

NON 

MON 

NON 

PEAU  DE  CHEVRE  120  -  VIEILLIE  A  LA  CHALEUR 
ECLATEMENT 
DONNEES 


238  235  250  233 

275 

253 

218  200 

201  146  268  269 

256 

256 

243  230 

182  189  279  203 

336 

338 

258  201 

262  270  191  257 

254 

215 

235  271 

RIEN 

FORMOL  LINDANE 

OX. ETHYLN 

MOYENNE  DES  PIECES  NON  TRAITES 

2377 

EFFET  DIFFERENTIEL  MOYEN - > 

0 

-40 

105 

66 

AUTRES  EFFETS  ORTHOGONAUX  : 

-223 

60 

351 

-57 

360 

53 

-179 

-102 

-12 

-48 

-133 

325 

-5 

-37 

193 

-18 

ECART. TTPE  DES  MESURES 

212 

391 

601 

267 

ECART  TYPE  RESIDUEL 

219 

TEST  EFFET  MAXIMUM  7 

NON 

NON 

NON 

TEST  EFFET  SIGNIFICATIF  7 

NON 

NON 

f40N 

«ECART-TYPE  DES  OIFFER  DE  MOY 1 

0 

158 

226 

122 

#  *  **************  **: ** *  *  *  *****  *  *  **** ♦  *  *  **  * 

DECHIRURE  CANS  LE  SENS  TRANSVERSAL 

DONNEES 

256  287  359  346  305  354 

322 

300  372 

237  244 

235 

210  245  336  236  318  256 

346 

340  266 

212  157 

186 

190  186  195  214  203  215 

194 

210  304 

231  330 

304 

238  217  274  271  384  357 

344 

331  274 

325  228 

354 

RIEN 

FORMOL  LINDANE 

OX. ETHYLN 

MOYENNE  OES  PIECES  NON  TRAITES 

3C 1 3 

EFFET  DIFFERENTIEL  MOYEN - > 

a 

-423 

-699 

-1  5 

AUTRES  EFFETS  ORTHOGONAUX  : 

-518 

-130 

-1C 

—  477 

-240 

-488 

-4 

-403 

96 

-243 

-474 

-515 

-481 

-150 

-181 

-323 

ECART. TYPE  DES  MESURES 

479 

610 

488 

538 

ECART  TYPE  RESIDUEL 

487 

TEST  EFFET  MAXIMUM  7 

NON  MAXIMUM1 

NON 

TEST  EFFET  SIGNIFICATIF  7 

NON  BEAUCOUP 

NON 

«ECART-TYPE  DES  OIFFER  DE  MOY! 

0 

225 

199 

209 

**•*•*#******••*•••••••***•*•*••••**•*•• 

DECHIRURE  DANS  LE  SENS  DE  L'ECHINE 

DONNEES 

316  338  290  302  3C8  316 

285 

324  321 

257  350 

247 

246  220  251  254  265  310 

254 

248  228 

190  158 

173 

224  185  205  233  2C1  185 

328 

322  250 

244  232 

263 

36  2  344  315  268  354  279 

335 

296  296 

287  222 

274 

RIEN 

FORMOL 

LINDANE 

OX. ETHYLN 

MOYENNE  DES  PIECES  NON  TRAITES 

3044 

EFFET  DIFFERENTIEL  MOYEN - > 

a 

-713 

—650 

“17 

AUTRES  EFFETS  ORTHOGONAUX  î 

-29.7 

-314 

-138 

-629 

-164 

-357 

-286 

-572 

-282 

-903 

-357 

-237 

-534 

-499 

-111 

-234 

ECART. TYPE  DES  MESURES 

292 

406 

449 

392 

ECART  TYPE  RÉSIDUEL 

331 

TEST  EFFET  MAXIMUM  7 

MAXIMUM1  MAXIMUM2 

NON 

TEST  EFFET  SIGNIFICATIF  7 

BEAUCOUP  BEAUCOUP 

NON 

«ECART-TYPE  DES  OIFFER  DE  MOY! 

0 

151 

161 

148 

**************************************** 

TRACTION  DANS  LE  SENS  TRANSVERSAL 
DONNEES 

196  215  191 
146  15T  170 
178  194  193 
128  172  170 


196  184  178 
165  169  153 
191  201  190 
176  201  181 


MOYENNE  OES  PIECES  NON  TRAITES 

EFFET  DIFFERENTIEL  MOYEN - > 

AUTRES  EFFETS  ORTHOGONAUX  : 


ECART. TYPE  DES  MESURES 
ECART  TYPE  RESIDUEL  1*1 

TEST  EFFET  MAXIMUM  7 
TEST  EFFET  SIGNIFICATIF  7 
«ECART-TYPE  DES  DIFFER  DE  MOY) 
*************  ************* ******** 
TRACTION  DANS  LE  SENS  DE  L • ECHINE 
DONNEES 


212  215  154 
154  150  155 
148  162  160 
199  148  149 


203  230  210 

213  170  200 
216  230  226 
189  208  185 


MOYENNE  DES  PIECES  NON  TRAITES 

EFFET  DIFFERENTIEL  MOYEN - > 

AUTRES  EFFETS  ORTHOGONAUX  : 


ECART. TYPE  DES  MESURES 
ECART  TYPE  RESIDUEL 
TEST  EFFET  MAXIMUM  7 
TEST  EFFET  SIGNIFICATIF  ? 
«ECART-TYPE  DES  DIFFER  DE  MOV! 


157  156 

147  144 

140 

135  147 

107  147 

136 

109  140 

185  158 

137 

170  168 

146  119 

143 

RIEN 

1711 

FORMOL  LINDANE 

OX. ETHYLN 

0 

-250 

-34 

-89 

109 

47 

-243 

-286 

-191 

-80 

21 

-123 

-118 

-108 

-47 

-98 

-25 

-48 

-66 

-233 

240 

182 

290 

224 

) 

NON 

NON 

NON 

UN. PEU 

NON 

NON 

0 

****** 

86 

108 

94 

226  223 

141  127 

114 

160  166 

103  116 

118 

229  226 

128  122 

113 

186  180 

162  143 

143 

RIEN 

1914 

FORMOL 

LINOANE 

OX. ETHYLN 

a 

-431 

-92 

-175 

-209 

152 

-3 

-639 

30 

-289 

-226 

-213 

-275 

••54 

-251 

-116 

-89 

-279 

-169 

-160 

386 

380 

454 

224 

7 

NON 

NON 

NON 

UN. PEU 

NON 

NON 

0 

156 

172 

129 

TOTAL 

33 

33 

33 

33 

33 

401 


TOTAL 

-284 

-284 

-284 

-284 

-284 

607 


TOTAL 

-345 

-345 

-345 

-345 

-345 

515 


TOTAL 

-93 

-93 

-93 

-93 

-93 

256 


TOTAL 

-174 

-174 

-174 

-174 

-174 

404 


*«  *4  «*****»*«»**  «T*****»*#«** 

PEAU  OE  POUTON  64  -  VIERGE 
ECLATEMENT 
OCNNEES 

156  130  ¿O A  214 


152  166  141  1C  6 

179  194 

156  180 

160  129  1  70  2C5 

186  159 

174  148 

131  15b  200  2C 4 

196  195 

182  155 

BIEN 

FORMOL 

LINDANE 

OX. ETHYLN 

TOTAL 

MOYENNE  OES  PIECES  NON  TRAITES 

1850 

EFFET  DIFFERENTIEL  MOYEN - > 

0 

-257 

-186 

-76 

-130 

AUTRES  EFFETS  ORTHOGONAUX  : 

-375 

-57 

47 

-135 

-130 

-331 

-85 

-51 

-52 

-13C 

-118 

-51 

—220 

-130 

-130 

-11  5 

-91 

-268 

-45 

-13C 

ECART. TYPE  DES  MESURES 

260 

257 

217 

250 

266 

ECART  TYPE  RESIDUEL 

13e» 

TEST  EFFET  MAXIMUM  ? 

NON 

NON 

NON 

TEST  EFFET  SIGNIFICATIF  ? 

NON 

NON 

NON 

I  ECART— TYPE  DES  DIFFER  DE  MOV  ! 

c 

129 

119 

127 

*  **  **4*4  ♦♦♦4*  4  ***'«4*-*4  4»  *4  ».*  **i 

DECHIRURE  DANS  LE  SFNS  TRANSVERSAL 

DONNEES 

237  257  304  373  476  <-25 

432  385  427 

308  327 

325 

34G  344  298  269  330  2 75 

334  335  354 

198  241 

177 

413  359  375  335  375  311 

288  245  271 

297  309 

363 

277  376  330  457  426  393 

337  362  441 

248  23U 

278 

RIEN 

FORMOL  LINDANE 

OX. ETHYLN 

TOTAL 

MOYENNE  DES  PIECES  NON  TRAITES 

3567 

EFFET  DIFFERENTIEL  MOYEN - > 

n 

-654 

-282 

-104 

-260 

AUTRES  EFFETS  ORTHOGONAUX  : 

-304 

137 

-57 

-81  6 

-260 

-869 

-244 

70 

2 

-260 

-174 

-231 

-13? 

—  5f  2 

—  260 

-583 

-67 

-175 

-215 

-26C 

ECART. TYPE  OES  MESURES 

715 

573 

476 

729 

679 

ECART  TYPE  RESIDUEL 
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1 .  Introduction 


To  analyse  organic  materials  various  methods  can  be  used,  the  most 
widely  used  are  infraredspectrometry ,  NMR  and  various  types  of 
chromatography . 

Specific  problems  arise  in  analysing  organic  materials  from  objects 
of  art,  for  instance  dyestuffs  from  textile  materials,  binding  media 
from  paintlayers  of  polychromed  sculptures  or  paintings,  dyestuffs  and 
binding  materials  from  illuminated  manuscripts. 

As  the  object  is  not  to  be  damaged  the  samples  have  to  be  minute. 

A  second  problem  is  that  the  materials  used  by  the  ancient  artists 
were  in  most  cases  complicated  mixtures.  Also  the  pure  dyestuffs, 
binding  media  and  other  auxiliaries  were  polluted  with  traces  of 
other  materials. 

To  obtain  more  information  about  the  materials  used  and  about  the 
workshop  technics  it  is  necessary  to  examine  systematic!?;  a  great 
number  of  samples  from  a  group  of  paintings  or  textiles. 

On  the  other  hand  specific  problems  are  sometimes  required,  for  in¬ 
stance  by  a  restorer  who  is  working  on  an  object. 

To  obtain  good  results  at  relative  short  term,  thin-layer  chromato¬ 
graphy  proves  to  be  an  excellent  method. 

Infraredspectra  and  NMR  often  are  disturbed  by  impurities  m  the 
sample  and  mixtures  also  might  give  some  difficulties. 

The  methods  are  good  but  it  is  very  time  consuming  to  prepare  the 
samples  for  analysis.  Also  the  quantity  of  the  needed  material  is 
relatively  large  (3,  12). 

For  thin-layer  chromatography  sample  preparation  is  very  simple. and 
costs  little  time  and  the  quantity  of  the  needed  material  is  very 
small.  The  only  drawback  of  this  method  might  be  that  it  requires 
great  experience  to  identify  the  spots  and  that  there  is  a  lack  oí 
ancient  reference  materials. 

2.  General  concents 

For  the  analysis  of  complex  mixtures  chromatographical  separation 
techniques  have  become  more  and  more  important  since  the  beginning 
of  this  century.  These  methods,  based  upon  adsorption  and  partition, 
have  their  origin  in  the  dyestuff-industry;  from  1830  till  1900 
papers  were  published  already  by  e.g.  Runge,  Goppersruder ,  Schönbein 
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The  first  chromatographical  -  analytical  method  vas  practised  by 
the  Russian  botanist  Tswett  (1903),  who  succeeded  in  separating  a 
mixture  of  vegetable  dyes  on  a  column  of  Calciumcarbonate. 

Various  chromatographical  techniques  have  their  origin  in  Tswett ' s 
column  chromatography  :  one  tried  e.g.  to  impregnate  filter  paper 
with  alumina  and  to  use  this  as  a  solid  phase  for  chromatography. 

This  led  to  the  famous  paperchromatography  by  Martin,  Cousden,  Gordon 
and  Synge  ( 191*0.  Others  kept  trying  adsorbents  in  the  powder  form; 
Ismailov  (1938)  used  pulverized  alumina,  that- was  sprinkled  in  a 
thin  uniform  layer  upon  a  glass  plate.  From  this  the  circular  chro¬ 
matography  originates.  Ismailov  also  made  first  efforts  to  attach  the 
adsorbent  to  the  glass  plate  and  to  use  it  for  chromatography.  (2,6) 
This  method  was  further  developed  by  Egon  Stahl  (1958)  to  the  present 
thin  layer  chromatography  .(11) 

One  of  the  main  reasons  which  have  led  to  the  stormy  development  of 
this  technique  and  in  an  increasing  degree  of  column  chromatography 
is,  that  the  problem  of  the  very  pure  adsorbents  is  solved  for  the 
greater  part  by  better  manufacturing  methods. 


First  the  general  principles  of  chromatographical  sepsration  will  be 


dealt  with  and  later  the  practical  aspects  of  the  technique. 

2.1.  Forms  of  Chromatography 

In  the  analysis  by  Tswett  an  extract  of  vegetable  dyes  in  ligroin 
is  running  through  a  glass  tube,  filled  with  an  adsorbent,  calcium 
carbonate. 


solvent 

sample 


Figure  1 


Figure  2 
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It  is  observed  that  in  the  upper  part  of  this  chromatographical 
column  the  dyestuffs  are  adsorbed  in  narrow  bands  or  zones ,  while 
the  pure  solvent  follows  its  way  through  the  adsorbent.  The  solvent 
can  be  catched  under  the  column.  The  adsorbed  molecules  may  be 
removed  from  the  column  by  washing  (elution)  with  a  liquid  or  a 
mixture  of  liquids  of  a  higher  degree  of  polarity  (mobile  phase). 

For  the  reason  of  selective  adsorption  the  different  dyestuffs 
migrate  through  the  column  at  different  rates,  and  in  case  of 
continuing  elution  they  can  be  catched  from  the  column  seprarately 
(fig.  2). 

Nowadays  many  variants  of  Tswett's  method  are  applied,  whereas 
chromatographical  methods  are  not  only  practised  in  the  analysis 
Of  coloured  compounds,  but  also  in  the  investigation  of  colourless 
materials . 

The  basic  principle  is  equal  to  each  technique:  a  mobile  phase  moves 
along  a  stationary  phase;  the  mixture  to  be  separated  is  distributed 
over  both  phases  and  the  components  of  the  mixture  migrate  at 
different  rates  along  with  the  mobile  phase. 

The  mobile  phase  may  be  a  gas  or  a  liquid  (gaschrcmatography  or 
liquid-chromatography ) . 

Gaschnomatography  is  very  appropriate  for  the  separation  of  small 
amounts  of  volatile  compounds:  separation  on  a  preparative  scale 
can  be  achieved  better  by  liquid-chromatography  up  to  now. 

I  :  :  ~  Liquid-chromatography  can  be  subdivised  in: 

1.  Liquid-solid-chromatography  (adsorption-chromatography) 

2.  Liquid-liquid-chromatography  (part inion-chromatography  ) . 

3.  Electro-chromatography 

U.  Chromatography  on  ion-exchange-columns. 

5«  Gelfiltration 

For  our  purpose  only  the  liquid-solid-chromatography  and  the  liquid- 
liquid-chromatography  are  of  importance. 

The  fundamental  difference  between  both  forms  is  the  stationary  phase. 
When  it  exists  of  a  material  which  is  able  to  adsorb  the  components  of 
a  mixture  selectively  to  its  surface  one  has  adsorption-chromatography 
when  the  stationary  phase  is  a  liquid,  attached  to  a  certain  carrier 
material,  one  has  partition-chromatography . 
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Generally  in  ad  sorption-chromatography  the  mobile  phase  is  a  liquid 
of  relative  small  polarity  and  the  components  of  the  sample  are 
also  little  polar.  In  the  case  of  piartition-chromatography  on  the 
contrary  the  mobile  phase  and  the  sample  compounds  are  often  strongly 
polar.  There  is  however  no  sharp  distinction  between  adsorption-  and 
partition-chromatography  and  in  practical  work  this  aspect  does  not 
interfere. 

Apart  from  column-chromatography  thin  layer  chromatography  is  a  form 
of  adsorption-chromatography  and  paper-chromatography  is  an  example 
of  partition-chromatography. 

In  paper-chromatography  water,  which  is  always  present- in  cellulose, 
acts  as  the  stationary  phase  and  cellulose  itself  as  carrier  material.  (?.) 
In  thin  layer  chromatography  the  separation  is  carried  out  on  a  thin 
layer  of  adsorbing  material,  which  is  attached  uniformly  toa  glass, 
plastic  or  aluminum  plate.  The  mixture  to  be  separated  is  spotted 
some  cm.  from  the  bottom  of  the  plate  and  the  plate  is  placed  in  a 
closed  trough,  in  which  a  layer  of  half  a  cm.  of  the  mobile  phase 
covers  the  bottom. 

The  liquid  migrates  upward  in  the  thin  layer  and  the  components  of 
the  sample  run  along  with  the  liquid  in  the  same  direction  at  different 
rates.  The  separated  compounds  are  visible  in  the  chromatogram,  after 
detection,  in  the  form 
of  more  or  less  round 
stains  (l).  (fig.  3) 


Figure  3 • 
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3.  The  approach  of  a  chromatographical  problem. 

3.1.  General 

The  application  of  chromatographical  methods  will  have  as 
the  main  purpose  to  answer  the  questions,  which  have  been 
asked  regarding  the  sample,  quickly  and  concretely. 

It  is  important  that  the  practical  circumstances  under  which 
the  separations  are  carried  out  be  optimized:  theoretical 
considerations  take  the  second  place  when  it  comes  to  results. 

Of  most  mixtures  under  investigation  one  often  does  not  know 
more  than  the  purpose  for  which  they  have  been  used  or  the  way 
they  were  made,  so  that  one  can  have  a  guess  about  the  nature 
of  the  components  of  the  mixtures  only.  In  such  cases  one  will 
have  to  find  the  solution  for  the  problem  by  "trial  and  error  . 
With  aid  of  some  simple  considerations  and  a  lot  of  experience 
one  may  often  tackle  the  problem  effectively.  (10) 

3.2.  The  choice  of  adsorbent  and  eluent . 

In  each  chromatographical  system  the  mixture,  the  stationary 
phase  and  the  mobile  phase  are  the  three  magnitudes  which  are 
balanced  with  eachot'ner:  the  common  factor  of  the  greatest 
importance  is  the  polarity.  Depending  on  their  polarity  compounds 
stronger  or  weaker  may  be  adsorbed  to  the  adsorbent  and  adsorbents 
may  be  distinguished  according  to  their  activity. 

Weak  adsorbents  are  diatomaceous  earth  and  magnesium  silicate, 
strongly  active  are  silica  gel  and  alumina. 

The  migration  velocity  of  a  compound  on  a  certain  adsoibent  depends 
on  the  mobile  phase  which  is  used. 

Here  follows  the  eluotropic  series,  arranged  according  to 
increasing  polarity: 

ligroin  ,  cyclohexane  ,  carbontetracbioride  ,  trichiorcethane  , 
toluene  ,  benzene  dichloroethane  ,  chloroform  ,  butylacetâte  , 
diethylether  ,  ethylacetate  ,  butylalcohol  ,  propanol  ,  acetone  , 
isopropyl alcohol  ,  ethyl alcohol  ,  acetic  acid  ,  methanol  ,  water. 
Further  refinings  can  be  made  by  the  use  of  mixtures  of  liquids. 
E.g.:  benzene/ ethylacetate  =  60/20  vol.  parts  or 
chloroform/methanol  =  95/5  vol.  parts. 


1 
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The  choice  of  adsorbent  and  mobile  phase  may  be  roughly  derived 
from  fig.  ^ 


One  of  the  angles  of  the  equilateral  triangle  is  brought  in  the 
appropriate  position  on  the  scale  of  the  polarity  of  the  sample; 
from  the  other  angles  one  can  read  in  which  range  to  choose  the 
adsorbent  and  the  elution  system  (ll). 


3.3.  The  separation 


The  proper  circumstances  for  a  good  separation  can  be  found  very 
quickly  by  means  of  thin  layer  chromatography  on  microscope  slides, 
for  which  the  developing  time  is  about  five  minutes.  The  first 
trials  to  the  eluent  may  be  ligroin,  chloroform  and  methanol  in 
order  to  get  a  first  idea  on  the  polarity  of  the  compounds  present. 
Depending  on  the  results  mixtures  of  the  first  two,  respectively 
the  last  two  liquids  are  tried,  if  necessary  other  members  of  the 
eluotropic  series  are  chosen.  An  example  is  given  in  fig.  5 


fig.  5 
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A.  Ligroin  ,  B.  Ligroin/chloroform  =  U/l  vol.  part 
C.  Chloroform  ,  D.  Chlorofcrm/methanol  =  2/1  vol.  part 
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4 .  Thin  layer  chromatography  (1,10,11). 

4.1.  General 

In  comparison  with  the  principially  and  practically  comparable 
paperchromatography  thin  layer  chromatography  does  offer  advantages, 
which  favour  the  application: 

1.  short  developing  times:  15  -  45  min.,  depending  on  the 
polarity  of  the  mobile  phase  (5-10  min.  on  microscope  slide. 
Paper-chromatography  takes  10  to  24  hours  or  even  days . 

2.  high  separating  power  on  short  distances. 

3.  the  possibility  of  using  agressive  reagents  (paper  is  damaged 
by  sulphuric  acid). 

4.  simple  and  non-volumninous  apparatus. 

5.  a  wide  range  of  adsorbents. 

4.2.  The  preparation  of  the  chromatoplates 

4.2.1.  The  adsorbent 

The  most  important  adsorbents  are:  silica  gel,  alumina,  diatomaceous 
earth  and  cellulose  powder.  T.L.C. -adsorbents  are  available  as: 
pure  adsorbent 

-  adsorbent  plus  binder  (e.g.  gypsum,  starch,  polyvinylalcohol ) 

-  adsorbent  plus  inorganic  fluorescence-indicator. 

-  adsorbent  plus  binder  plus  fluorescence-indicator. 

REMARK:  The  mechanical  strength  of  the  layer  is  increased  by 
the  presence  of  gypsum,  but  one  has  to  take  into  account  that 
calsiumsulphate  is  a  weak  active  material  and  that  the  separation 
may  be  influenced  unfavourably. 

4.2.2.  The  application  of  the  thin  layer 

The  commercially  available  apparature  of  e.g.  Stahl  and  Camag,  by 
means  of  which  the  adsorbent  suspension  is  applied  to  the  glass 
plates  is  rather  expensive  and  to  the  author's  opinion  not  even 
optimum  appropriate. 

A  very  inexpensive  way  of  preparation  of  the  plates  is  as  follows: 
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Remove  traces  of  grease  thoroughly  with  alcohol. 

An  aqueous  suspension  of  the  adsorbent  is  applied  uniformly 
to  a  row  of  chromatoplates.  The  only  requisites  are  self adhering 
tape,  a  smooth  table  and  a  rustless  steel  bar  of  25  cm.  length  and 
1  cm.  diameter.  A  number  of  plates  is  placed  in  a  row  next  to  each 
other  and  the  plates  are  sticked  to  the  table  by  means  of  a  1  cm. 
broad  tape,  which  covers  the  plates  for  a  width  of  3  to  5  mm.  The 
protruding  part  of  the  tape  is  sticked  to  the  table,  so  that  the 
construction  can  not  be  moved.  The  plates  have  to  be  dried  in  the 
oven  at  110°  C. 

Nowadays  many  types  of  plates  are  commercially  available,  ready 
for  use.  The  advantages  are  the  decreased  hazard  of  inhaling  finely 
divided  adsorbent  material,  the  time  saved  and  the  possibility  of 
cutting  an  appropriate  size  from  a  plastic  or  aluminum .plate. 

U . 3.  Further  preparation  and  application  of  the  sample 

U.3.1.  Marking  of  start  and  finish 

Before  application  of  the  sample  to  the  plate  a  broad  strip  of 
adsorbent  is  scratched  from  three  sides  of  the  plate  with  aid  of 
a  teflon  scratcher  enabling  easy  handlings  of  the  plate  and  preventing 
edge  effects. 

The  samples  to  be  separated  have  to  be  applied  2  cm.  from  the 
bottom  and  the  mutual  distance  should  not  be  less  than  1  cm. 

The  markings  can  be  done  with  aid  of  a  stencil  plate. 

t.3,2.  Solvent  and  amount  of  sample 

Preferably  the  sample  is  dissolved  in  a  volatile  solvent  of  low 
polarity.  The  solvent  has  to  evaporate  quickly  and  in  case  of  a 
non— polar  solvent  one  can  achieve  small  start  spots,  and  so  no 
chance  of  getting  a  circular  chromatogram. 

The  concentration  of  the  components  in  the  sample  solution  (about 
one  drop)  may  vary  between  0,01  and  0,5?*  The  various  compounds  in 
the  sample  may  be  present  in  amounts  of  1  to  10  micrograms.  E.g. 
in  a  sample  mixture  with  three  components  present  in  comparable 
quantities  the  total  quantity  of  material  to  be  applied  may  be  30 


micrograms 
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U ,  Ii .  The  separation  chamber 

A  separation  chamber  should  have  a  well  locking  cover  and  a 


flat  bottom.  The  volume  of  the  chamber  should  be  chosen  according 
to  the  size  of  the  plate.  Apart  from  the  frequently  used  rectangular 
troughs  with  ground  upper  edge  and  cover  one  can  also  use  pre¬ 
paration  cylinders  and  sample  flasks  with  screw  cap,  it  they  can 
be  closed  satisfactory. 

If  the  cap  does  not  fit  properly  there  will  be  no  equilibrium 
between  the  vapour  phase  and  the  liquid  phase  during  the  sepa¬ 
ration  and  the  bad  chance  is  the  occurrence  of  edge  effects  in 
the  chromatogram. 


front 
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Fig.  T  Edge  effects 


This  phenomenon  is  very  nasty  when  it  comes  to  identification 
of  substances  by  means  of  comparison. 

One  may  speed  up  the  reaching  of  the  state  of,  equilibrium  by 
covering  the  walls  of  the  trough  with  filterpaper  impregnated 


with  the  eluent . 


The  situation  to  the  saturation  is  still  not  always  ideal, 
but  the  edge  effects  are  suppressed  for  the  greater  part. 

One  may  expect  that  saturation  is  best  effected  in  chambers 
of  small  volumes . 

The  famous  sandwich  chamber  is  formed  by  a  glass  plate  with 
the  thin  layer  and  the  samples^  and  a  second  plate  of  equal 
size  without  adsorbent.  Between  these  two  plates  along  three 
edges  strips  of  teflon  or  cardboard  are  placed. 

Like  that  one  has  obtained  a  chamber  of  relatively  very  small 
volume.  The  development  is  started  by  placing  this  chamber, 
with  the  open  side  downward,  in  a  glass  trough,  through  a 
metal  cover.  The  opening  through  which  the  plates  fit  in  the 
cover  has  exactly  the  same  size  as  the  cross  section  of  the 
two  plates,  so  that  no  vapour  of  the  eluent  will  escape. 

Sample  jars  with  a  screw  cap  make  good  separation  chambers 
for  Thin  Layer  Chromatography  on  microscope  slides. 

The  eluents 

Depending  on  the  nature  of  the  compounds  to  he  separated  the 
composition  of  the  eluent  is  determined  with  aid  of  the  eluotropic 
series . 

An  absolute  condition  is,  that  the  eluent  components  be  pure 
and  leave  no  residue  after  evaporation.  The  so  called  pro  ana- 
lysi  and  pro  chromatography  grades  should  be  redistilled  vith^ 
care  before  use.  A  mixture  of  liquids  that  has  stayed  in  the 
chamber  for  a  long  time  has  to  be  replaced,  because  the  compo¬ 
sition  will  have  changed  due  to  fractional  evaporation. 

The  dosage  or  application  of  the  sample 

Very  simple  apparatus  can  be  used  for  the  dosage  of  the  samples. 

A  very  thin  capillary  can  be  pulled  out  of  a  Pasteur  pipet  after 
moderate  heating  in  a  small  flame.  The  narrower  the  capillary, 
the  smaller  the  start  spot  will  be.  The  surface  of  the  spot  can 
also  be  limited  by  making  the  solvent  evaporate  each  time  after 
the  application  of  a  small  volume  of  sample  solution. 
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1.7.  The  development 

When  the  samples  have  been  applied  to  the  start  and  the  solvent 
is  evaporated,  the  plate  is  placed  vertically  in  the  separation 
chamber,  in  which  the  eluent  stands  at  a  height  of  about  half  a 
cm.  The  trough  is  closed  immediately,  When  the  liquid  front  has 
risen  to  a  height  of  10  cm.  the  plate  is  taken  out  of  the  chamber, 
the  eluent  front  is  marked  and  the  plate  is  dried  with  a  hot  air 
blower. 

Drying  is  continued  until  all  adhering  liquid  is  gone. 

The  most  important  condition  to  be  fulfilled  in  the  development  is 
the  constantness  of  the  temperature.  Already  small • temperature 
gradients  within  the  chamber  will  lead  to  undesirable  effects, 
e.g.  a  skew  eluent  front. 

1.8.  The  detection 

1.8.1.  Procedure  and  apparatus 

. 

After  the  development  the  compounds  are  present  in  the  chromato¬ 
gram,  separated,  in  the  form  of  round  stains. 

'  In  the  case  of  coloured  compounds  detection  does  not  give  any 

problems.  Otherwise  the  spots  have  to  be  stained  or  made  visible 
by  other  means.  Detection  reagents  are  sprayed  on  the  plate  with 
the  aid  of  an  atomizer  (be  careful,  not  too  wet). 

Often  the  chromatogram  has  to  be  heated  after  spraying  to  promote 
the  colouring. 

REMARK:  Spraying  should  always  be  done  in  the  fume  hood,  because 
of  the  toxicity  or  the  acidity  of  the  sprays. 

Spraying  apparatus  is  also  commercially  available  together  with 
the  detection  reagent.  Many  frequently  used  detection  solutions 
are  available  for  refilling. 

1.0.2.  Non-destructive  detection 

Many  compounds  become  visible  by  the  absorption  or  fluorescence 
of  ultra  violet  radiation,  either  the  short  wave  radiation 
of  250  nm  or  the  long  wave  light  of  366  nm. 
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REMARK:  The  radiation  from  ultra  violet  lamps  is  very  harmful 
to  the  eyes.  One  should  at  least  wear  glass  safety 
spectacles  or  preferably  ultra  violet  safety  glasses. 
Another  non-destructive  detect ionmethod  is  iodine,  which 
gives  a  brown  colour  to  'the  greater  part  of  the  organic  compounds 
Iodine  is  bound  physically  to  the  components  and  on  lying  in  the 
open  air  the  iodine  evaporates  again,  so  that  the  spots  remain 
undisturbed. 

1^8.3  Snrav  reagents  for  the  identification  of  samples  from  works 
of  art. 

The  compounds  are  converted  chemically.  Amino  acids  from  glues 
are  coloured  pink  by  ninhydrin.  The  components  of  resins  from 
black  spots  with  a  spray  of  antimonypentachloride  in  carbon- 
tetrachloride  and  heating  afterwards. 

Sugars,  from  gums,  are  sprayed  with  a  solution  of  naphthoresor- 
cinol  in  alcohol.  The  components  of  red  dyes  are  coloured  blue, 
violet,  purple,  orange  and  pink  with  an  alcoholic  solution  of 
potassium  hydroxide  (10). 

For  yellow  natural  dyes  the  flavon  reagent  is  used,  2-amino- 

ethyldiphenylborate  (T ) • 

General  spray  reagents  are  e.g.  potassium  dichromate,  potassium 
permanganate,  phosphomolybdic  acid,  sulphuric  acid. 


U.9.  The  chromatogram 

In  a  good  chromatogram  the  spots  have  a  symmetrical  form  and  the 
highest  concentration  of  the  compound  should  be  present  in  the 
centre  of  the  spot.  Spots  with  Revalues  differing  by  0,03  to 
0,05  can  be  observed  seperately . 

K  is  the  figure  denoting  the  range  of  flou  of  the  compound,  also 

F 

explained  as  the  retardation  factor. 

The  compounds  migrate  at  different  rates  in  a  chromatographic 
separation  and  after  a  certain  time  they  are  found  at  different 
spots  on  the  plate.  The  front  of  the  eluent  which  has  not  been 
hindered  by  adsorption  or  partition  has  covered  a  greater  distance 

in  the  same  time. 


-15- 


R  will  always  have  a  value  between  0  and  1. 

F 

As  R  is  very  much  depending  on: 

F 

1.  the  saturation 

2.  the  temperature 

3.  the  thickness  of  the  thin  layer 
k.  the  concentration 

5.  the  composition  of  the  eluent, 

R  is  not  an  easy  magnitude  to  work  with.  Problems  in  ident i- 
F 

fication  can  be  solved  excellently  by  using  standard  materials 
running  on  the  same  plate. 

So  together  with  the  unknown  sample  those  standards  are  applied 
to  the  plate,  which  are  likely  to  be  present  in  the  sample. 

The  approach  of  a  chromatographic  problem  in  analysing  binding 

materials  from  paintlayers. 

Samples  have  been  taken  from  the  painting  or  polychromed  sculp¬ 
tures  by  means  of  very  small  scalpels.  From  these  samples  cross 
-sections  are  made.  With  the  micro-manupulator  the  samples 
are  separated  into  layers. 

Under  the  microscope  one  can  get  the  impression  what  kind  of 
binding  material  is  present. 

When  it  is  not  possible  to  give  a  suggestion  about  the  binding 
material  the  following  scheme  is  followed 


A.  Dissolve  the  sample  in  chloroform 


G.L.C.  Test 

T.L.C.  Test 

Repin 

Oil 

Wax 

* 

When  the  result  is  negative  - - B 
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B .  Hydrolyze  the  sample  and  dissolve  in  warm  water 

,  T.L.C.  Test 

gums  (sugars) 


glues  (amino  acids) 


¿  Note:  When  the  result  is  negative  it  is  also  possible 
the  sample  was  too  small. 


5.1.  Thin-layer  Chromatographic  system  for  resins. 


Adsorbent  : 

Eluent  : 

Distance  covered: 
Detection  : 

Typical  Standard: 


Silicagel  with  gypsum 
Chloroform 
3  x  10  cm.  X 

Spraying  with  a  20$  solution  of  ANTIMONY - 
pentachloride  in  carbontetrachloride . 

Copal,  Sandarac,  Venice  turpentine,  Elemi, 
Shellac,  Damar,  Colopony,  Mastix,  Amber. 


X  Note:  For  better  separation  of  the  spots  it  is  necessary  to 
chromatograph  three  times. 

5.1.1.  Preparation  of  a  sample  from  a  varnish 

In  most  cases  the  main  component  of  varnish  is  a  resin.  A -sample 
from  the  toplayer  can  be  taken  very  easy  by  means  of  a  cotton  swab 
drenched  in  chloroform.  (To  clean  the  cotton  wool,  it  is  first 
extracted  with  pure  chloroform). 

Rub  very  carefully  with  the  vetted  cotton  wool  over  the  varnisn 
layer.  In  this  case,  enough  resin  is  dissolved  for  a  chromatographic 

test. 

The  cotton  wool  is  extracted  with  chloroform  and  this  is  evaporated 
to  a  small  quantity.  Then  the  solution  is  spotted  and  chromatographe 
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.2. 


ryihin  layer  chromatographic  system  for  waxes. 


Adsorbent:  • 

Eluent  : 

Distance  covered: 
Detection: 


Silicagel  +  alumina  1:1 

Heptane /ether /acetic  acid/90:10:2/ 

1  x  10  cm. 

Spraying  with  a  solution  of  potassium- 
dichromate  in  sulphuric  acid:  heating 
at  110°  C  for  about  10  minutes. 


Typical  standard:  Beeswax 


,.3.  Method  of  Hydrolysation. 

The  sample  is  put  in  a  small  glass  tube.  About  five  drops  of 
0,3  N  hydrochloric  acid  are  added.  The  glass  tube  is  closed, 
from  the  air  by  melting  the  top  of  the  glass  tube.  Then  it  is 
placed  in  an  oven  with  a  temperature  of  105°  C.  for  about  twelve 

hours . 

After  hydrolysation  evaporate  to  dryeness  and  add  one  or  two 
drops  of  water  and  heat.  This  solution  is  spotted  and  chromato¬ 
graphed. 

5.14.  Thin  layer  chromatographic  system  for  gums. 

By  hydrolysation  gums  are  discomposed  into  sugars. 

Silicagel 

Propanol / et hy 1 ac  e t at  e / wat  er / ammonia / 

20:5:15:5/ 

1  x  10  cm. 

Spraying  with  a  solution  of  UU  mg.  naphtoresor- 
cinol/22  ml.  ethanol/lml.  t^PO^ 
heating  at  120°C.  till  spots  are  visible. 
Arabinose,  glucose,  fructose,  xylose,  rhamnose, 
galactox. 


Adsorbent  : 

Eluent  : 

Distance  covered: 
Detection: 

Typical  standard: 


Thin  layer  chromatog raphic  system  for  glues . 

By  hydrolysation  glues  are  decomposed  into  amino-acid. 


Adsorbent  : 

Eluent  : 

Distance  covered: 
Detection: 


Silicagel 

Phenol/water/75weight:  %  25  weight  %. 

1  x  10  cm. 

Spraying  with  a  solution  of: 

A.  50  ml.  0.2%  ninhydrin  in  ethanol/10  ml 
Acetic  acid  (glacial)./  2  ml.  2,4,6  - 
trimethylpyridine  (  ^-collidine). 

B.  Cu  (NO  )g.  3  H20,  in  ethanol. 

Mix  just  before  use  50  vol.  %  A.  and 

3  vol  %  B.  Heating  at  120°C  till  spots 
are  visible. 


Typical  standards:  Bone' glue,  albumen,  eggwhite,  rabbitglue. 


Chromatographic  analysis  of  natural  dyestuffs. 

Sample  preparation. 

Natural  dyestuffs  occur  in  various  kinds  of  objects  of  art,  f.i. 
paintings,  illuminated  manuscripts,  textiles. 

However,  sample  preparation  is  in  all  cases  about  the  same. 
Except  some  vat-dyestuffs  as  indigo  and  purple,  most  dyestuffs 
are  mordant  dyestuffs  and  are  present  in  the  objects  as  a  lake, 
a  metal  complex  mostly  with  aluminium,  iron  and  tin. 

This  complex  has  to  be  decomposed  by  hydrolysation.  The  sample 
is  put  in  a  small  glass  tube,  one  drop  of  hydrochloric  acid 
is  added  and  is  heated  for  a  few  minutes.  Then  two  drops  of 
methylalcohol  are  added,  the  solution  is  again  heated,  spotted 
and  chromatographed. 


Thin  layer  chromatograph 

Adsorbent  : 

Eluent  : 

Distance  covered: 
Detection: 


ic  system  for  yellow  dyes. 

Silicagel  (precoated  sheets  Polygram). 
Toluene/ethylformiate/formic  acid/  5:h: 
1  x  10  cm . 

Spraying  with  1  %  alcoholic  solution  of 
amino  ethyldiphenylborate ,  the  observât 
under  UV-light,  wave  length  3b0  nm. 


Typical  standards:  Weld,  fustic,  fisetin  (young  fustic), 

safflower,  saffron,  turmeric,  rhamnetin 
(Persian  Berries)  quercetin. 

Thin  layer  chromatographic  system  for  red  dyes. 

Adsorbent:  Acetyled  cellulose  300  Ac-10  or 

300  Ac-30  (precoated  sheet). 
Ethylacetate/tetrahydrofuran/water/6 :  35  : 5/ 
1  x  10  cm.,  the  sheets  are  prewashed ’vi th 
the  eluent  concerned. 

Spraying  with  1-2  %  alcoholic  solution  of 
potassium  hydroxide,  then  observation  under 
UV -light,  wave  length  360  nm. 

Madder  (alizajjn  and  purperin)  cochineal 
(carminic  acid)  Kermes,  various  red¬ 
woods,  henna, alkanet ,  lac-dye,  archil. 

Note:  Green,  orange  and  brown  shades  are  chromatographed  with  both 
systems . 


Eluent  : 

Distance  covered: 

Detection: 

Typical  standards  : 
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Abstract 

Although  the  technical  background  of  infrared  reflec- 
tography  has  been  describee  earlier,  recent  experience 
in  using  the  method  has  shown  the  importance  of 
certain  technical  aspects  of  the  instruments  used  and 
the  proper  storage  and  retrieval  of  information. 

Some  of  these  aspects  are  detailed  in  this  report. 

The  necessity  for  multidisciplinary  collaboration  to 
achieve  results  is  stressed.  A  survey  is  given  of 
various  approaches  to  apply  the  method  in  art  history. 
Preliminary  results  are  briefly  mentioned  and 
suggestions  are  given  for  further  work.  The  systematic 
comparison  of  underdrawings  as  revealed  by  infrared 
r ef lectography  in  paintings  from  a  particular  1  Group 
would  seem  to  be  the  most  promising  way.  Grouping 
around  authenticated  paintings  is  shown  to  be  possible 
and  attempts  to  obtain  a  chronology  based  on  under¬ 
drawings  are  reported.  ' 

The  possibilities  to  improve  the  infrared-to-visible 
image  translation  systems  suitable  for  infrared 
ref lectography  are  briefly  discussed. 

August  1972  °MlS  3C 

Brouwersgracht  5^  bv,  Amsterdam  1003»  The  Netherlands 


1.  Introduction 


Infrared  photography  has  been  used  occasionally  in  the 
scientific  examination  of  paintings*  Most  early 
applications  concern  restoration  problems;  sometimes 
a  modification  visible  in  the  infrared  photograph  and 
diverging  from  the  painted  surface  was  recognized. 

The  first  systematic  application  with  a  specific  art 
historical  purpose  would  seem  to  be  the  discussion  by 
Desneux  (7)  of  underdrawings  visible  in  infrared 
photographs  of  various  paintings  by  Jan  van  Eyck. 
Lavalleye  (19)  and  Van  Schoute  (32)  have  used  infrared 
photographs  in  their  work  on  Justus  van  Ghent  and 
Rogier  van  der  Weyden  respectively.  Van  Schoute  also 
discussed  infrared  photographs  from  Bosch  paintings 
(33).  The  most  stimulating  contribution,  however,  has 
been  made  by  Taubert  who  in  his  thesis  (24)  described 
various  characteristic  aspects  of  the  underdrawing  in 
relation  to  the  creation  of  a  painting.  His  analysis 
of  underdrawings  as  visible  in  infrared  photographs 
of  paintings  by  Van  Eyck,  Dirk  Bouts  and  Memling  still 
retains  its  acuteness  and  his  conclusions  have  been 
confirmed  by  later  investigations  with  the  technique 
described  in  this  report  (Cf.  section  4. 4. 1.3). 

The  study  of  underdrawings  would  indeed  seem  the 
greatest  challenge  presented  by  the  potentialities  of 
infrared  photography  and  reflectography . 

The  art  history  of  Early  Netherlandish  painting  in 
particular  .is  dependent  on  attributions,  although  only 
very  few  existing  paintings  can  be  allocated  with  a 
safe  historical  margin  to  a  particular  artist  (10). 
Attributions  have  almost  exclusively  been  based  on 
observations  related  to  the  visible  surface  of  the 
painting.  Therefore,  theoretically,  a  totally  new 
system  of  attributions  could  be  based  on  underdrawings. 
The  remaining  problem  would  be  to  investigate  the 
various  steps  leading  from  an  underdrawing  to  a 
finished  picture  and  the  relative  contributions  of 
possibly  various  hands  to  the  final  appearance  of  the 
painting. 

With  such  a  prospect  in  mind  the  limitations  of  infra¬ 
red  photography  are  obvious.  The  best  results  in 
detecting  underdrawings  have  been  obtained  in  reddish, 
whitish  and  occasionally  brownish  areas.  Greenish,  and 
bluish  areas  are,  however,  rarely  penetrated  by  infra¬ 
red  photography.  Infrared  photography  thus  makes  the 
underdrawing,  when  present,  only  partially  visible. 

Some  improvement  can  be  obtained  by  using  infrared 
image  converters.  Although  such  instrument's,  developed 
for  military  use,  have  occasionally  been  reported  as 
used  for  the  examination  of  paintings  Heiber  séems  to 
have  been  the  first  to  publish  actual  results  (16).  His 
photographs  of  the  image  on  the  S-l  cathode  tube  of 
the  infrared  image-converter  indicate  an  improved 
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detection  of  underdrawings;  but  the  instrument  is  not 
successful  in  detecting  underdrawings  under  most  green 
paint  layers  (20,  p.  ^5)*  This  detection  technique  is 
thus  not  always  satisfactory. 

The  development  of  infrared  ref lectography  as  a  method 
for  the  examination  of  Earlier  European  paintings 
represents  an  effort  to  improve  the  detectability  of 
underdrawings  and  to  investigate  the  possibilities 
and  limitations  of  such  an  approach. 

As  in  photography  the  painting  is  illuminated  by  a 
lightsource  and  the  reflected  radiation  is  received  by 
the  detecting  instrument.  The  infrared  ref lectograph 
translates  the  infrared  image  into  a  visible  image. 

The  image  is  obtained  by  a  scanning  process.  Thus 
unlike  ordinary  photographs  the  ref lectograms  consist 
of  horizontal  lines.  The  infrared  radiation  used  in 
ref lectography  is  able  to  penetrate  paint  layers 
better  than  the  light  used  in  infrared  photography. 

The  paint  layers  thus  become  more  »transparent’  and 
the  underdrawing  can  be  made  visible  in  a  more 
complete  way  than  is  possible  with  infrared  photo¬ 
graphy  • 

The  technical  background  of  this  research  has  been 
published  previously  and  the  reader  is  referred  to 
the  littérature  for  an  extensive  description  (26,  27, 
28).  In  this  report  emphasis  is  being  put  on 
applications  of  the  method  in  art  history  and  a  number 
of  practical  aspects  is  discussed  in  detail.  It  is 
hoped  that  those  considering  the  use  of  the  system 
may  thus  profit  from  recent  experience. 

Ideally  infrared  ref lectography  should  be  carried  out 
with  an  infrared-to-visible  image  translating  system 
with  a  maximum  sensitivity  at  about  2.0  microns 
(20.000  Â).of  the  light  used  to  illuminate  the 
painting.  1  The  first  instrument  used  for  infrared 
ref lectography ,  a  Barnes  Infrared  Camera  did  fulfill 
this  condition  very  well,  but  had  some  disadvantages. 
In  a  later  stage  of  the  research  an  infrared  vidicon 
television  system  was  used.  This  detection  system  is 
quicker  and  more  elegant  but  not  quite  maximalised 
with  regard  to  wavelength  response.  A  great  advantage 
of  this  system,  however,  is  the  possibility  of 
information  storage  and  retrieval  using  a  video- 
recorder. 

2.  Various  technical  aspects  of  the  Instruments  used 
in  infrared  ref lectography  ~ 

2.1  Operation  of  the  infrared  vidicon  tube 

The  operation  of  the  Barnes  Infrared  Camera  used  in 
the  earlier  stages  of  the  development  of  infrared 
ref lectography  has  been  described  elsewhere  (28,  pp. 
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49,  50).  Although  the  modified  instrument  is  very 
satisfactory  from  the  point  of  view  of  system  sensitiv¬ 
ity2  it  is  slow  and  does  nou  allow  easily  the 
reflectography  of  both  details  and  larger  areas, 
although  this  could  be  improved  by  using  different 
mirror  optics. 

In  using  an  infrared  vidicon  tube  in  a  television 
system  a  much  quicker  and  more  elegant  operation  can 
be  obtained.  The  infrared  vidicon  has  various  less 
satisfactory  aspects  in  comparison  with  the  Barnes 
Camera  as  a  detecting  system  and  these  have  also  been 
described  elsewhere  (28,  chapter  6).  The  most 
important  drawback  in  actual  operation  is  retained 
here:  i.e.  the  heating-up  of  the  Infrared  Resistron 
2000  IND  vidicon-tube.  This  occurs  in  about  an  hour 
and  causes  an  image  of  poor  contrast  due  to  thermal 
noise.  The  vidicon  ’sees*  part  of  the  radiation 
emitted  by  the  heated  tube  and  its  surroundings. 
Although  various  devices  have  been  published  to  cool 
infrared  detectors,  some  of  them  applicable  to  infra¬ 
red  vidicons,  it  has  not  been  attempted  so  far  to 
adapt  such  improvements  to  the  reflectography  system,« 

In  practice  operation  is  stopped  after  an  hour  and 
the  tube  is  allowed  to  cool  off  for  about  thirty 
minutes.  An  alarmclock  is  useful  to  remind  the 
operators.  A  record  is  kept  of  the  time  during  which 
the  tube  has  been  operated.  Infrared  vidicons  may  be 
used  for  c.  500  operating  hours  but  this  figure 
depends  on  the  operating  conditions. 

2.2  Lenses 

Infrared  imaging  systems  capable  to  detect  radiation 
with  wavelengths  longer  than  about  2.0  microns 
usually  employ  mirror  optics  or  lens-systems  made  of 
special  optical  materials  transmitting  such  longer 
infrared  radiation.  For  the  imaging  of  radiation  up 
to  2.0  microns  the  same  optical  systems  can  be  used 
as  are  common  in  ordinary  photography.  The  glass  used 
in  such  lens-systems  transmits  radiation  up  to  c.  4 
microns.  Therefore  no  special  lenses  need  to  be  used 
with  the  infrared  vidicon.  The  choice  of  a  lens  would 
seem  mostly  to  be  governed  by  financial  considerations. 
A  SOM-Berthiot -Cinor  1:3.8,  f  =  17-85  mm  zoom  lens 
has  been  used  successfully  by  the  author.  Some  caution 
may  be  required  with  lenses  especially  coated  for 
optimal  functioning  in  the  visible  region  of  the 
spectrum.  In  any  case  it  is  recommended  to  obtain  a 
transmittance  spectrum  of  the  lens  (i.e.  a  graph  of 
transmittance  versus  wavelength  of  incident  light) 
before  purchasing  a  particular  item.  A  combination  of 
a  zoom  lens  with  auxiliary  lenses  may  be  sufficient 
for  most  practical  situations.  Areas  to  be  reflecto- 
graphed  will  rarely  exceed  c.  30  x  40  cm  and  such  a 
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surface  will  set  one  limit.  It  may  be  useful  to  select 
the  lens-system  In  such  a  way  that  it  may  image  areas 
of  1  cm2.  This  is,  e.g.,  required  in  the  examination 
of  illuminated  manuscripts  and  small  panel  paintings. 
The  focusing  may,  however,  become  rather  delicate 
under  such  circumstances. 

2.3  Filters 

To  obtain  good  results  it  is  necessary  to  use  filters 
In  front  of  the  camera  lens-system.  The  same  filters 
may  be  used  as  are  traditional  in  infrared  photo¬ 
graphy.  For  infrared  ref lectography ,  however,  usually 
a  filter  is  employed  which  eliminates  a  little  more 
near  infrared  radiation.  3  There  is  no  need  to  use 
filters  eliminating  even  more  infrared  radiation. 

This  does  not  improve  the  results  and  requires  a 
higher  illumination  level. 

2.4  Illumination 

Museums  are  supposed  to  refuse  collaboration  when 
their  paintings  would  risk  to  be  heated  up  during 
examination.  In  infrared  ref lectography ,  just  as  in 
photography,  an  image  of  the  painting  is  obtained  by 
registration  of  light  reflected  from  the  painting. 

To  achieve  this  the  painting  must.be  illuminated. 

Much  attention  has  been  paid  to  reduce  the  illumination 
level  necessary  to  obtain  satisfactory  infrared 
reflectograms  with  the  infrared  vidicon  system  (28, 
p.  53).  The  system  can  be  regulated  for  maximum 
sensitivity  at  low  illumination  levels.  It  has  been 
found,  however,  that  no  special  measures  are  required 
when  the  heat  generated  by  the  illuminating  light 
source  can  be  sufficiently  dissipated.  As  the  areas 
in  the  painting  of  which  reflectograms  are  taken,  are 
rarely  greater  than  c.  30  x  40  cm  a  small  illuminating 
source  can  be  used.  A  Philips  IRK  13169X  (500  W) 
quartz  tube  in  an  Improvised  half  cylindrical 
reflector  painted  at  the  inside  with  aluminium  paint 
has  proved  very  satisfactory.  The  reflector  is  open 
at  the  sides  and  this  allows  a  rapid  dissipation  of 
the  heat  generated  by  the  quartz  tube.  More  sophistic¬ 
ated  reflectors  such  as  used  in  studio-photography 
have  been  found  to  be  far  less  efficient.  The  surface 
temperature  of  the  paintings  examined  in  this  way  does 
not  rise  above  a  usually  accepted  fluctuation  level  of 
a  few  degrees  centigrade. 

2.5  Monitors 


For  comparison  with  black  and  white  photographs  it  is 
important  that  the  reflectogram  should  be  as  sharp  as 
possible.  Unfortunately  this  sharpness  is  limited. 
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first  of  all  by  the  number  of  horizontal  lines  displayed 
on  the  television  screen.  Television  systems  can  be 
made  not  only  with  625  horizontal  lines  as  in  the 
usual  European  TV-set  but  also  with  875 'lines. 

Ref lectograms  obtained  with  a  875  line  system  are 
indeed  sharper  than  those  made  with  a  625  line 
system  (28,  p.  53).  However  most  video-recorders 
presently  available  are  not  constructed  for  storage 
of  images  with  875  lines. 

When  it  is  considered  to  use  infrared  reflectography 
without  a  videorecorder  it  may  therefore  be  advisable 
to  use  a  875  line  system.  Most  television  cameras  can 
be  easily  modified  to  operate  with  this  system.  A 
separate  monitor  is  required,  however,  for  875  line 
images. 

2.6  Videorecorders 

The  development  of  techniques  in  videorecording  is 
quite  rapid.  When  using  a  videorecorder  for  storing 
infrared  ref lectograms  the  first  criterion  is  optical 
resolution.  The  quality  of  the  replayed  imagé  is 
always  poorer  than  the  image  obtained  directly  from 
the  television  camera.  It  has  been  found  (28,  p.  53) 
that  for  satisfactory  results  videorecorders  are 
needed  falling  at  least  in  the  semi-professional 
class.  The  models  on  the  market  intended  for  the 
amateur  are  not  good  enough.  Semi-professional  video¬ 
recorders  and  -tapes  are  unfortunately  still 
expensive. 

With  a  view  to  the  potential  commercial  applications 
much  work  has  been  done  in  the  last  years  to  develop 
various  popular  videorecording  systems. 

To  facilitate  exchange  and  diffusion  of  ref lectograms 
it  might  well  be  that  such  techniques  could  be  used 
successfully  in  the  future.  There  is  also  the 
possibility  that  videorecorders  may  become  much 
cheaper. 

2.7  Tripods 

A  great  variety  of  tripod-systems  can  be  used.  The 
choice  would  again  depend  on  such  variables  as 
finances,  time,  occasional  or  regular  operation,  etc. 

In  the  Central  Research  Laboratory  for  Objects  of  Art 
and  Science,  Amsterdam,  the  choice  has  been  for  speed 
of  operation  and  optimum  height  of  the  tripod-system 
at  the  expense  of  some  additional  bulkiness.  The 
following  options  may  be  considered. 

a.  A  very  simple  tripod,  without  or  with  a  small 

vertical  translation  possibility,  can  be  used  when 
only  smaller  paintings  are  to  be  examined.  When 
such  paintings  can  be  placed  on  an  easel  the 
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scanning  of  the  picture  can  bo  achieved  by  trans— 
lating  the  easel  with  tb ?  painting  in  horizontal 
(by  pushing)  and  vertical  direction  (by  handling 
one  of  the  devices  usually  incorporated  in  easels). 
The  selection  of  the  reflectogram  image  is  obtained 
by  placing  the  tripod  with  the  television  camera 
at  a  selected  distance  from  the  painted  surface. 
Focusing  is  obtained  by  manually  adapting  the 
lens-system  of  the  camera. 

This  approach  may  be  sufficient  for  occasionally 
using  infrared  reflectography  under  workshop 
conditions . 

b.  For  the  rapid  examination  of  paintings  in  museums, 
it  is  an  important  condition  that  the  pictures  can 
remain  on  the  wall.  As  the  painting  thus  remains 
in  3  fixed  position  it  becomes  necessary  to  carry 
out  the  necessary  translations  with  the  tripod- 
system.  A  more  simple  tripod  was  used  in  earlier 
stages  of  the  development  of  infrared  reflecto¬ 
graphy  (Cf.  Fig.  5  in  reference  27).  An  adapted 
tripod,  normally  used  for  photographic  studiowork 
was  employed  to  obtain  the  vertical  translation. 

By  mechanically  winding  a  steel  string  the  camera 
could  be  translated  up  and  down.  For  small 
paintings  the  position  of  the  camera  mounted  on  an 
additional  horizontal  bar  could  be  adjusted  by 
pushing  and  focusing  by  hand.  In  using  a  zoom- 
lens  the  distance  between  the  lens  opening  and  the 
surface  of  the  painting  could  be  fixed  at  the 
beginning  of  the  operation.  A  single  further 
precaution  must  be  taken,  i.e.  assuring  that  the 
painted  surface  is  vertical.  This  is  rarely  so 
with  paintings  on  exhibition  in  museums. 

In  actual  practice  some  slabs  of  foam  plastic  are 
carefully  placed  between  the  wall  and  the  back  of 
the  painting  and  the  verticality  of  the  painting 
is  checked  with  a  carpenter’s  water-level. 

When  the  painting  under  investigation  is  not  in  a 
vertical  position  the  focusing  with  larger 
diaphragms  must  be  adapted  over  the  painted 
surface;  the  ref lectograms  would  also  represent  a 
trapezoid  form  of  the  painting  and  in  later 
assembling  various  ref lectograms  would  not  fit 
properly  together. 

For  the  examination  of  large  paintings  in  situ  the 
use  of  extension  pieces  for  the  tripod  is  necessary. 
Such  pieces  are  commercially  available.  Manually 
adjusting  the  horizontal  position  of  the  camera 
and  focusing  the  lens  becomes  rather  unpractical 
as  one  operator  has  to  carry  out  these  duties  on 
some  stable  stepladder,  checking  his  efforts  with 
another  operator  on  the  ground  watching  the  monitor 
screen.  For  these  reasons  it  is  then  more  practical 
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and  safe  to  achieve  the  horizontal  translation  of 
the  television  camera  in  some  automatic  way.  A 
servomotor  with  remote  control  has  been  success¬ 
fully  used  for  this  purpose.  Units  for  remote 
control  of  focusing  and  zoom  lens  position  are 
commercially  available  but  can  also  be  ’home-made1 
with  the  use  of  servomotors.^ 

This  system  has  been  successfully  used  for 
ref lectographing  in  situ  various  details  of  the 
Van  Eyck  Ghent  altarpiece  in  the  St  Bavo  Cathedral 
in  Ghent.  The  television  camera  could  be  translat¬ 
ed  to  about  4.5  meters  allowing,  e.g.,  the 
registration  of  some  detail-ref lectograms  of  the 
face  of  God.  The  main  disadvantage  of  the  tripod 
described  is  the  irregular  operation  of  the 
vertical  translation  system.  This  is  especially 
awkward  in  moving  downwards  as  this  often  occurred 
with  unexpected  jerks  partly  due  to  the  unsatis¬ 
factory  mechanical  construction  of  the  tripod. 

Such  irregular  movements  are  unacceptable  when 
using  a  videorecorder,  because  a  smooth  regular 
movement  of  the  scanning  system  is  then  essential. 

c.  In  view  of  these  considerations  the  mechanical 
vertical  translation  by  hand  was  replaced  by  an 
hydraulic  system.  An  hydraulic  shaft  operated  by 
a  motor  on  which  the  horizontal  bar  with  the 
television  camera  is  mounted  allows  a  smooth  and 
controlled  vertical  translation  in  both  directions. 
The  servomotors  regulating  the  horizontal;  displace¬ 
ment  of  the  camera  and  the  zoom  lens  focusing  and 
position  can  be  controlled  from  the  same  control 
panel  as  the  hydraulic  shaft.  The  operator  is 
therefore  able  to  regulate  position,  size  and 
sharpness  of  the  ref lectogram  and  is  able  to  direct 
the  scanning  operation  entirely  because  he  can 
watch  the  reflectogram  on  the  monitor  screen  when 
operating  the  controls. 

This  system  has  been  used,  e.g.,  to  examine  the 
’Last  Judgement’  by  Lucas  van  Leyden  (Leyden, 

Museum  De  Lakenhai,  Of.  Fig.  14  in  reference  28). 
The  drawback  of  the  system  is  its  relatively  high 
weight  and  bulkiness.  Although  the  hydraulic  system 
and  the  shaft  are  mounted  on  wheels,  allowing  a 
rapid  displacement  of  the  system  through  a  museum, 
with  a  view  to  transportation  problems  much  lighter 
equipment  should  be  developed. 

2 . 8  Future  developments 

A  possible  direction  for  further  development  is  to 

investigate  the  use  of  special  television  tubes.  These 

may  be  of  two  kinds:  a)  Tubes  with  a  similar  spectral 

response  as  the  infrared  vidicon  but  a  higher 
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responsivity.  This  would  improve  the  contrast  of  the 
ref lectograms  and  reduce  even  further  the  illumination 
levels;  b)  Tubes  with  a  spectral  response  similar  to 
lead  sulphide  detectors.  Such  tubes  have  been  develop¬ 
ed  as  prototypes  and  some  of  them  have  been  published. 5 
Preliminary  experiments  have  been  carried  out  by  the 
author  to  investigate  the  possible  use  of  thermo¬ 
sensitive  phosphors  and  cholesteric  liquid  crystals 
to  image  reflected  infrared  radiation  instead  of 
emitted  thermal  radiation.  Both  systems  are  very 
cheap.  The  experience  obtained  is  not  encouraging, 
however.  The  sensitivity  is  probably  too  low  to 
detect  only  radiation  around  2.0  microns;  moreover 
the  images  are  intrinsically  unsharp. 

3 .  ;Qn  the  use  of  infrared  ref lectography  in  the  actual 

examination  of  paintings 

3.1  Preparation  and  operation 

It  is  essential  for  a  proper  application  of  infrared 
ref lectography  that  a  close  multidisciplinary 
collaboration  between  an  art  historian,  a  technician- 
operator  and  a  scientist  specialized  in  the  examinat¬ 
ion  of  paintings  can  be  realized. ^ 

In  planning  such  an  investigation  such  a  team  first 
tries  to  map  out  the  geographical  and  local  possib¬ 
ilities  and  limitations.  Although  for  a  particular 
art  historical  problem  ideally  all  the  material  of  a 
certain  painter  or  his  school  should  be  available,  we 
are  at  present  far  from  a  reference  documentation 
such  as  exists  for  ordinary  black  and  white  photo¬ 
graphs  (Frick  Collection). 

Therefore  more  often  than  not  the  collection  of 
material  follows  a  geographical  pattern,  governed  by 
such  factors  as  personnel,  finances,  time  and,  most 
important,  the  courtesy  of  museum  or  ecclesiastical 
authorities . 

Permission  is  first  sought  to  work  in  a  particular 
museum  or  church.  As  it  is  for  most  human  investigat¬ 
ors  preferable  to  work  in  daytime  some  museums  are 
willing  to  allow  the  examination  of  the  paintings  to 
take  place  also  during  the  regular  opening  hours. 

This  is  often  possible  outside  the  summer  season.  When 
such  facilities  can  not  be  granted  one  is  obliged  to 
work  outside  the  opening  hours.  Although  depending  on 
the  size  and  the  importance  of  the  collection  concern¬ 
ed  and  the  hours  available  often  a  very  long  period  is 
required  to  obtain  the  data  in  a  satisfactory  way: 
adjustments  of  the  instruments  and  occasional  technical 
trouble  should  be  allowed  for  and  it  is  often  necessary 
to  repeat  the  scanning  of  a  particular  painting  because 
on  reviewing  it  does  not  appear  satisfactory. 

Before  embarking  upon  such  a  mission  a  survey  is  made 
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of  the  paintings  to  be  investigated  in  the  museum 
concerned.  Black  and  white  photographs  are  ordered  in 
advance  from  the  museum  authorities  and  if  not  avail¬ 
able  it  is  attempted  to  obtain  at  least  a  photostat- 
copy  of  an  illustration  of  each  painting  from  the 
literature.  A  Xerox-copy  of  each  photograph  is  used 
during  the  actual  ref lectography  to  note  the  scanning 
pattern  and  the  corresponding  videotape  indexing. 

A  brief  survey  is  made  of  the  art  historical  literat¬ 
ure,  concerning  such  subjects  as  attributions,  pedigree, 
restorations,  etc.  Whenever  available  it  is  of  great 
importance  to  be  able  to  study  the  restoration-reports 
of  the  paintings  to  be  examined.  Sometimes  X-radio- 
graphs  or  other  material  of  previous  scientific 
examination  exist,  and  is  then  possibly  studied 
beforehand. 

Depending  on  the  size  of  the  paintings  an  estimate  is 
made  of  the  amount  of  videotape  required  for  a  first 
survey-scan  and  an  average  of  tapespace  needed  for 
details  is  calculated.  For  filing  purposes  it  is  „ 
preferable  to  allocate  paintings  from  one  ’group* 
to  the  same  videotape,  or  group  of  tapes. This  is  more 
practical  in  replaying  tapes  than  to  arrange  tapes 
according  to  the  provenance  of  the  paintings.  Most  art 
historical  scholars  are  interested  in  some  painter  and 
not  in  a  particular  museum  collection  as  such. 
Reproduction,  cutting  and  editing  of  videotapes  is 
very  time-consuming  and  requires  two  videoreçorders 
of  the  same  type.  Therefore  when  a  first  survey-scan 
has  been  made  of  a  painting  under  investigation  the 
members  of  the  team  watch  together  a  replaying  of 
the  videotape  and  decide  which  details  are  to  be 
taken.  Notes  are  being  made  during  both  scanning  and 
replaying,  regarding  damaged  areas,  cracks  and  obvious 
blackish  lines  on  the  surface  liable  to  be  confused 
with  the  underdrawing.  Other  particularities  are  also 
registered.  A  standard  width  is  chosen  for  the  survey- 
scan  representing  4,  6,  8,  10,  12,  16  or  20  cm  on  the 
painting  depending  on  the  size  of  the  painting  and  the 
amount  of  detail  required.  This  facilitates  inter¬ 
pretation  of  ref lectograms  and  eliminates  the  need  to 
incorporate  a  centimeter-scale  in  the  ref lectograms 
for  comparison.  Sometimes  a  preliminary  scanning  is 
realized  without  registration  on  videotape,  to  provide 
information  necessary  for  deciding  the  scanning 
format.  In  scanning  the  painting  vertically  care 
should  be  taken  that  adjacent  ref lectograms  in  these 
vertical  bands  are  positioned  along  the  same  horizon¬ 
tals.  Otherwise  later  difficulties  are  encountered  in 
assembling  various  ref lectograms . 

3. 2  Information  retrieval 


In  the  practice  of  the  scientific  examination  of 
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paintings  it  has  repeatedly  proven  impossible  to 
formulate  all  relevant  questions  before  the  actual 
examination  takes  place.  It  would  indeed  be  most 
efficient  when  a  Script*  could  be  planned  on  such  a 
list  of  queries  but  this  has  so  far  appeared  illusion¬ 
ary.  Previous  investigators  have,  e.g.,  attempted  to 
select  relevant  details  in  X-radiographing  the  major¬ 
ity  of  paintings  in  a  particular  museum  collection 
(18).  However  intelligently  taken,  such  limited 
information  leaves  the  later  investigator  often 
frustrated.  Therefore  the  information  retrieval  system 
of  infrared  ref lectography  has  so  far  been  designed 
to  provide  a  reasonable  answer  to  future  queries. 

This  implies  the  choice  of  a  format  for  the  overall 
scan  which  provides  sufficient  detail  to  elucidate 
most  relevant  aspects  of  the  underdrawing.  Often  this 
means  that  Reconnaissance*  of  certain  forms  should 
be  possible.  The  format  should  be  not  too  detailed 
in  the  systematic  scanning  because  otherwise  it 
becomes  difficult  to  visualize  what  each  section 
represents.  Sometimes  infrared  photographs  may  be 
successfully  used  in  connection  with  reviewing  video¬ 
tapes,  containing  ref lectograms .  When  a  fairly  large 
magnification  is  required  to  resolve  the  lines  of  the 
underdrawing  it  is  often  difficult  to  trace  the 
* Gestalt 1  of  ref lectograms  on  reviewing  because 
vertical  or  horizontal  bands  of  the  painting  are  being 
displayed.  In  such  cases  it  becomes  necessary  to 
present  the  material  by  making  assemblies. 

Videotapes  can  not  only  be  displayed  on  larger  monitor 
screens,  such  as  ordinary  TV-sets  and  professional 
monitors  but  also  on  monitors  of  such  dimensions  that 
photography  of  the  image  visible  on  the  screen  becomes 
possible.  The  means  of  photographing  from  a  television 
(or  oscilloscope)  screen  are  manifold  and  the  choice 
of  possible  camera-systems  depends  on  the  purpose 
concerned  and  the  budget  available.  Two  extreme  cases 
may  illustrate  various  possibilities.  An  investigator 
with  a  small  budget  may,  e.g.,  wish  to  limit  his 
researches  to  such  paintings  as  are  available  in  a 
particular  museum  or  are  presented  for  examination. 

In  such  cases  a  videorecorder  may  not  be  necessary. 

A  simple  tripod  such  as  used  in  studio-photography 
may  be  used  for  mounting  the  televisioncamera  and  an 
ordinary  TV-set  may  be  used  to  display  the  image 
provide  the  camera  used  has  a  HF— output.  Any  photo¬ 
graphic  camera  may  be  used  to  photograph  the  TV-Image, 
although  some  experience  with  shutter  times  may  be 
necessary.  As  it  may  be  assumed  that  in  such  cases 
the  instrumental  arrangement  including  the  painting 
could  remain  in  the  same  place  for  some  time,  the 
operator  could  even  use  ordinary  roll  film  and. develop 
his  film  on  the  spot  to  judge  the  results.  In  case  of 
unsatisfactory  photographs  the  sequence  can  be  repeated. 
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More  sophisticated  devices  may  be  used  for  consistent 
results.  The  author  has  used  a  Tektronix  C27 
Oscilloscope  Camera  mounted  through  an  adaptation 
frame  onto  a  12.2  x  8.9  cm  monitor  (Grundig  BG-17). 

This  camera  can  be  used  with  Polaroid  material  which 
has  the  advantage  of  showing  the  result  immediately 
but  is  rather  expensive.  However  in  circumstances 
were  neither  a  videorecorder  nor  dark-room  facilities 
are  available,  Polaroid  film  (prefarably  P/N55  produc¬ 
ing  also  a  negative)  may  be  the  only  realistic  choice 
assuring  a  satisfactory  record  of  the  ref lectogram. 
P/N55  should  be  used  at  room  temperature.  When  used 
below  £♦  18°  C.  unsatisfactory  negatives  are  obtained. 
Whenever  it  appears  unlikely  that  the  examination  can 
be  repeated  it  is  obviously  most  important  to  be 
certain  of  tangible  results. 

Using  a  videorecorder  the  photography  of  the  monitor- 
screen  can  be  carried  out  under  studio-conditions. 

Then  it  has  proven  to  be  far  more  economical  to  use 
a  Robot  Camera  BE  36  using  35  mm  Ilford  HP  4.  This 
camera  is  also  adapted  to  the  Tektronix  Oscilloscope 
Camera.  When  dark-room  facilities  are  at  hand  this 
technique  allows  economical  reproduction  of  reflecto- 
grams.  Due  to  inhomogeneity  of  the  sensitive  Pb-O-S 
layer  of  the  infrared  vidicon  the  corners  may  be 
darker  on  the  monitor'  screen.  This  effect  may  be 
counteracted  by  appropriate  dark-room  techniques.  White 
spots  on  the  image' are  due  to  damaged  areas  on  the 
sensitive  layer  of  the  tube;  the  manufacturer  should 
select  tubes  for  homogeneity  and  absence  of  such  white 
spots;  those  otherwise  appear  on  ref lectograms . 
Assembling  of  ref lectograms  is  carried  out  by  means 
of  fitting  together  printed  photographs  of  monitor 
screen  images  (the  Earnes  Infrared  Camera  originally 
used  displayed  ref lectograms  directly  on  photographic 
film). In  order  to  be  able  to  make  assemblies  at  all, 
it  is  necessary  that  during  actual  reflectography 
sufficient  ••'over lapping  of  the  areas  to  be  reflecto- 
graphed  takes  place.  Assemblies  are  made  by  fitting 
together  various  photographs,  with  not  too  sticky 
Scotch  tape.  Cutting  with  a  cutting  machine  along 
horizontals  and  verticals  produces  ready  made  pieces 
of  this  puzzle.  They  are  in  turn  fitted  together  with 
Scotch  tape  and  heatsealed  on  to  cardboard.  Removing 
the  bits  of  tape  produces  the  assembly.  This  can  then 
further  be  photographed  and  handled  as  a  normal 
negative.  It  may  be  obvious  that  assembling  many 
reflectograms  is  a  very  tedious  task.  Therefore  in  the 
course  of  time  it  has  been  proven  more  efficient  that 
the  interested  person  familiarizes  himself  sufficient¬ 
ly  with  thé  painting  and  the  videotaped  reflectograms 
to  be  able  to  select  really  significant  details.  Often 
such  details  will  be  selected  to  illustrate  a 
particular  aspect  of  the  technique  of  underdrawing  or 
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a  relevant  modification.  The  corresponding  numbers  of 
the  videotape  are  then  registered  and  the  operator  is 
able  to  photograph  the  ref lectograms  requested.  In 
the,  experience  of  the  author  the,  work  required  for 
assembling  ref lectograms  can  in  this  way  in  the 
majority  of  cases  be  reduced  to  the  selection  of 
appropriate  photographs  for  a  final  report  or  public¬ 
ation.  ; 

3.3  Comparison  with  colour  slides  and  infrared  photo¬ 

graphs 

The  most  indicated  method  to  study  ref lectograms  is. 
the  projection  of  a  black  and  white  slide  of  a 
reflectogram  or  reflectogram  assembly0  next  to  a 
colour  slide  representing  exactly  the  same  area  of 
the  painting.  The  requirement  of  identical  areas  is 
very  difficult  to  realize.  In  earlier  stages  of  this 
research  colour  slides  of  various  details  were  made 
when  the  painting  was  examined,  before  assembling 
various  ref lectograms .  It  has,  however,  proven  to  be 
more. economical  to  make  colour  photographs  of  details 
only  when  black  and  white  slides  of  detail-ref lecto¬ 
grams  are  already  available  and  not  the  other  way 
round. 

This,  however,  is  clearly  only  possible  when  the 
paintings  under  investigation  can  be  easily  approach¬ 
ed  a  second  time.  When  this  is  not  so,  more  time 
should  be  devoted  on  the  spot  to  process  the  informat¬ 
ion  contained  in  the  ref lectograms  for  selecting 
relevant  material  in  colour  for  comparison.  As  a; 
reasonaole  substitute  for  the  above-mentioned  ideal 
situation  a  colour  slide  of  the  entire  painting  or  a 
part  of  it  can  be  projected  when  reviewing  the  video¬ 
tapes  with  ref lectograms .  After  some  training  a 
critical  comparison  is  quite  possible. 

The  resolving  power  of  ref lectograms  is  poor  compared 
with  conventional  infrared  photographs.  This  is  due 
to  the  fact  that  each  reflectogram  is  composed  of  a 
number  of  lines  containing  a  certain  amount  of  image- 
points.  The  photographic  plate  contains  much  more 
information  and  can  be  1  blown-up f  to  a  considerable 
extent.  Television  images  do  not  provide  more  inform¬ 
ation  on  enlarging.  (Children  sometimes  tend  to  sit 
close  to  the  television  screen  to  see  ’more1,  although 
this  does  not  help  them  really.) 

Frequently  infrared  photographs  may  greatly  assist  the 
investigation  of  the  technique  of  underdrawing.  They 
are  most  successful  in  reddish  and  whitish  areas.  In 
some  paintings  infrared  photographs  reveal  the  under¬ 
drawing  to  a  very  large  extent,  only  some  greenish 
and  bluish  areas  not  being  penetrated. 

In  such  cases  infrared  ref lectography  is  merely  useful 
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in  complementing  the  already  available  information. 
Sometimes  these  added  parts  of  the  underdrawing  prove 
essential  in  the  interpretation  of  the  form  and 
modifications.  Occasionally  it  is  found  that  infrared 
photographs  reveal  the  underdrawing  better  than 
reflectograms  in  reddish  and  whitish  areas. 9  in  such 
cases  infrared  photography  is  a  very  useful  complement¬ 
ary  tool.  Infrared  photographs  of  such  areas  are 
usually  taken  after  actual  reflectography,  together 
with  the  colour  slides  of  various  details. 

4 «  Applications 

4.1  Introduction 


Infrared  reflectography  is  only  one  of  the  available 
tools  for  the  surface  examination  of  paintings  (24, 

28,  30)  and  its  use  would  be  most  effective  in 
combination  with  data  obtained  with  other  surface 
examinations  such  as  X-radiography .  Often  the  results 
of  paint  examinations  (paint  cross-sections,  etc.) 
are  necessary  to  explain  fully  what  is  being  observed 
in  infrared  reflectograms.  The  combined  study  of  such 
various  data  would  allow  the  best  possible  insight  in 
the  technical  structure  of  the  paintings  concerned.10 
Unfortunately  it  is  rarely  possible  to  arrive  at  such 
a  more  complete  survey  of  the  technical  aspects  of  a 
painting.  Therefore  one  has  mostly  to  be  satisfied 
with  whatever  Is  available.  A  number  of  cases  In 
which  infrared  reflectography  could  be  usefully  applied 
is  indicated  below  considering  the  availability  of 
infrared  reflectograms  (and  additional  infrared 
photographs)  only.  Whenever  other  data  of  scientific 
examination  are  also  available  they  can  only  be  an 
additional  asset.  The  aim  here,  however,  is  to  indicate 
what  could  be  obtained  by  using  infrared  reflecto¬ 
graphy  as  such. 

Infrared  reflectography  has  so  far  been  most  success¬ 
fully  applied  to  fifteenth  and  sixteenth  century 
European  easel  paintings,  and  it  would  seem  indeed 
most  effective  for  the  examination  of  such  paintings. 
Before  1970  the  author  has  been  able  to  ref lectograph 
a  number  of  Flemish  Primitive  paintings  in  various 
In  Belgium  and  the  Netherlands.  The  results 
e1.  in.  ni  on  four  paintings  of  the  Group  Van  der  Weyden 
have  been  published  (28,  chapter  8.4).  The  examination 
of  the  Van  Eyck  Ghent  altarpiece  with  infrared  reflec¬ 
tography  has  been  reported  by  the  author  in  a  study 
which  has  been  submitted  for  publication. 

Since  1970  much  attention  has  been  paid  to  the  reflec¬ 
tography  of  fifteenth  and  sixteenth  century  Northern 
Netherlandish  paintings.  Material  has  been  collected 
in  ref lectographing  many  paintings  from  the  Groups 
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Master  of  the  Virgo  inter  Virgines,  Geertgen  tot  St 
Jans,  Hieronymus  Bosch,  Cornelisz  van  Oostsanen,  Aert- 
gen  van  Leyden,  Lucas  van  Leyden,  Jan  van  Scorel, 
Cornelis  Engebrechtsz  and  Pieter  Aertsz.  A  number  of 
paintings  by  Saenredam  and  Van  Goyen  has  also  been 
ref lectographed.  Some  of  this  material  has  been 
published  (29,  30,  31). 

The  most  attractive  way  to  continue  the  examination 
of  paintings  by  infrared  ref lectography  would  be  the 
systematic  collection  of  data  on  related  paintings 
such  as,  e.g.,  from  the  Group  Van  der  Weyden.  This 
would  require,  apart  from  the  permission  of  the 
museum  authorities,  sufficient  funds  to  finance  travel 
and  personnel. 

Interest  in  infrared  ref lectography,  however,  is 
increasing  and  a  number  of  institutions  are  consider¬ 
ing  or  have  already  purchased  some  form  of  equipment. 

It  is  hoped  that  such  dissemination  will  contribute 
to  facilitate  art  historical  work  in  this  direction. 
Apart  from  the  examination  of  Earlier  European 
paintings  some  other  applications  of  infrared  reflec- 
tography  would  seem  possible.  They  are  briefly  mention¬ 
ed  below  in  section  4.2.  There  are,  however,  also 
limitations  to  the  applicability  of  the  method.  A 
discussion  of  these  is  given  in  section  4.3. 

4.2  Other  possible  applications 

It  has  been  shown  elsewhere  (28,  p.  66)  that  infrared 
reflectography  is  not  successful  in  detecting  sino- 
pia?s  under  the  intonaco  of  mural  paintings.  A  drawing 
on  the  intonaco,  however,  could  eventually  be  detect¬ 
ed,  but  the  author  has  not  attempted  this  so  far. 

The  possibility  of  using  infrared  reflectography  to 
reveal  underdrawings  in  illuminated  manuscripts  has 
been  previously,  suggested  (28,  p.  65).  A  few  pages  of 
illuminated  manuscripts  in  the  Aartsbisschoppelijk 
Museum,  Utrecht  have  been  examined  for  this  purpose 
without  success.  Marijnissen,  however,  has  reported 
that  underdrawings  were  visible  in  infrared  reflecto- 
graphs  of  the  Milan-Turin  Hours  (20). 

Infrared  reflectography  could  therefore  be  used  in 
cases  where  preliminary  investigations  with  infrared 
photography  have  shown  positive  results. 

Infrared  reflectography  has  also  been  used  in  the 
Central  Research  Laboratory  for  Objects  of  Art  and 
Science,  Amsterdam  to  detect  successfully  underdraw¬ 
ing?  in  Tibetan  and  Nepalese  thang-kas. 

Finally  it  may  not  be  excluded  that  infrared  reflecto¬ 
graphy  could  also  be  used  to  detect  underdrawings  in 
paintings  of  the  nineteenth  and  twentieth  century. 

Some  paintings  by  Ingres  are  underdrawn  (8)  and 
Kokoschka  would  seem  to  have  made  underdrawings  on 
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his  paintings.  Such  investigations  would  of  course 
only  be  indicated  if  they  would  serve  to  solve  a 
particular  problem. 

4.3  Limitations  of  infrared  reflectography 
4.3.I  Introduction 

Infrared  reflectography  has  its  limitations.  First  of 
all  an  underdrawing  should  be  present  to  be  revealed; 
it  should  have  been  made  with  a  carbon  containing 
pigment,  be  it  an  ink  or  an  acqueous  paint  in  order 
to  be  detected.  An  underdrawing  made,  e.g.,  with  an 
iron-containing  pigment  such  as  an  ochre  cannot  be 
detected  with  infrared  reflectography  because  the 
ochre  would  become  transparent  In  the  spectral  region 
concerned:  the  infrared  reflectograph  would  see 
through*  it.  Another  requirement  Is  sufficient 
contrast  between  the  drawing  and  the  ground.  It  has 
been  shown  elsewhere  (28,  p.  60)  that  the  contrast 
between  an  underdrawing  made  with  bone  black  and  a 
white  chalk  ground  is  much  higher  in  the  visible 
region  of  the  spectrum  than  around  2.0  microns:  the 
underdrawing  and  the  ground  both  are  more  greyish* 
there.  This  in  part  accounts  for  the  rather  frustrat¬ 
ing  experience  that,  e.g..  In  whitish  areas  the 
underdrawing  can  often  be  observed  better  with  the 
eye  or  in  infrared  photographs  than  with  infrared 
reflectography.  Other  limits  to  the  detection  of 
underdrawings  are  set  by  the  physical  characteristics 
of  the  paint  layers  covering  the  drawing.  The  success 
of  infrared  reflectography  is  due  to  the  fact  that  a 
paint  layer  which  hides  the  underdrawing  adequately 
for  the  human  eye  does  not  accomplish  this  when  ’seen’ 
in  radiation with  a  wavelength  of  around  2.0  microns. 

This  hiding  power  depends  on  such  characteristics  as 
pigment /medium  ratio,  size  and  shape  of  the  pigment 
particles,  but  primarily  on  the  paint  layer  thickness. 
For  a  particular  pigment  and  pigment /medium  ratio  a 
certain  thickness  of-  the  paint  layer  Is  just 
sufficient  to  hide  the  underdrawing  on  the  ground  of 
the  painting.  This  hiding  thickness  has  been  measured 
and  calculated  for  various  paints  in  the  0.7-2. 5 
micron  region  by  the  author.  It  could  be  shown  that 
in  Flemish  Primitive  painting  paint  was  used  economic¬ 
ally,  I.e.  the  paint  layers  on  actual  paintings  hardly 
exceed  the  thickness  required  to  hide  the  underdrawing 
to  the  human  eye  (28,  p.  35  ff.).  Therefore  most  of 
such  paint  layers  become  ’transparent1  for  the  infra¬ 
red  reflectograph.  However  when  the  layers  are  too 
thickly  applied  this  may  not  be  so  or  only  partially. 
Thus  also  with  infrared  reflectography  an  underdrawing 
may  be  revealed  incompletely  or  not  at  all.  Unfortunate¬ 
ly  one  can  only  explain  negative  results  fully  by  a 
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more  complete  examination  and  analysis  of  the  charac¬ 
teristics  of  the  paint  layers  concerned  and  this  is 
rarely  possible. 

4.3.2  Portraits 

Infrared  reflectography  has  not  been  very  successful 
in  revealing  underdrawings  on  portraits.  In  a  number 
of  cases  no  underdrawing  could  be  detected  at  all. 11 
Some  portraits  in  the  Group  Van  Scorel  show  a  scarce 
indication  of  the  main  features  such  as  lips,  eyes 
and  contours  but  no  detailed  rendering  of  the  face. 

It  has  been  observed  in  a  number  of  paintings  with 
donors  in  the  Group  Van  Scorel  that  the  faces  of  the 
donors  were  only  superficially  underdrawn  whereas  the 
faces  of  other  persons  in  the  same  painting  showed  a 
more  detailed  underdrawing. 13  perhaps  such  a  fragment¬ 
ary  underdrawing  would  either  indicate  the  availab¬ 
ility  of  preliminary  studies  or  the  intention  of  the 
Master  to  spend  more  time  on  the  heads  of  the  donors 
himself,  leaving  other  figures  to  assistants. 

No  evidence  obtained  by  chemical  analysis  for  the  use 
of  metalpoint  for  underdrawing  portraits  on  panels 
has  been  published  so  far.  It  is  not  impossible, 
however,  that  silverpoint  would  be  transparent*  for 
the  infrared  reflectograph  although  there  are  no 
experiments  of  calculations  available  to  verify  this. 

A  drawing  made,  with  lead  point  should  be  detectable 

(28,  p.  60). 

4.3.3  Seventeenth  century  paintings 

Although  a  certain  number  of  seventeenth  century 
paintings  have  been  reflectographed  infrared  reflecto- 
gçaphy  has  so  far  only  yielded  substantial  results  in 
panels  by  Pieter  Saenredam  (29). 

Sometimes  infrared  reflectograms  allow  a  better 
insight  in  the  technical  structure  of  the  painting 
because  darker  paint  layers  can  be  detected  beneath 
others.1**  Discontinuities  or  damaged  areas  can  also 
be  detected.  This  negative  result  is  caused  by  the 
fact  that  underdrawing  was  employed  differently  in 
the  seventeenth  cenrury.  Dark  grounds  required  the  use 
of  white  chalk  for  indicating  the  contours  (28,  p.  6l) 
and  such  a  drawing  cannot  be  detected. 

4.3.4  Italian  paintings 

Experience  In  reflectographing  Italian  paintings  is 
limited.  The  paintings  reflectographed  so  far  have  not 
disclosed  much  interesting  material.  In  earlier  Italian 
painting  the  underdrawing  is  not  necessarily  made  with 
a  bone  black  containing  paint.  ^  Another  reason  for  the 
impossibility  of  revealing  underdrawings  could  be  that 
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on  panels,  especially  those  with  much  metallic  foil, 
the  first  charcoal  drawing  was  perhaps  only  used  as  a 
basis  for  making  incisions,  without  repeating  the 
drawing  a  second  time  with  the  brush  (6).  Evidence 
for  this  can  be  found,  e.g.,  in  a  panel,  by  Niccolo 
di  Buonaccorso,  Pinacoteca  Siena,  Cat.  121  were  in 
some  areas  the  paint  has  disappeared.  This  panel  has 
not  been  examined  but  it:  would  seem  that  the  dark  lines 
visible  in  the  folds  are  not  an  underdrawing  but 
rather  dark  paint  which  remained  in  the  incisions. 

In  reflectographing  a  *  Madonna  and  Child1  by  Fra 
Angelico  in  the  Rijksmuseum,  Amsterdam  (Cat. 17  Bl) 
the  only  darker  lines  visible  in  the  reflectograms 
did  exactly  correspond  with  incisions. 

An  improvement  in  the  detection  of  underdrawings  in 
Italian  paintings  is  to  be  expected  in  paintings  giv¬ 
ing  already  good  results  with  infrared  photography . 16 
Interesting  results  are  also  to  be  expected  in,  e.g., 
paintings  from  the  Group  Cosimo  Tura,  notably  in  the 
centre  panel  of  the  Roverella  altarpiece  (National 
Gallery,  London,  Cat.  772)  where  the  underdrawing  can 
be  seen  with  the  naked  eye  in  some  areas. ^7 
The  1  Madonna,  St  John  and  Angels*  (National  Gallery, 
London,  Cat.  809)  attributed  to  Michelangelo  was  shown 
by  chemical  analysis  to  have  a  carbon  black  under¬ 
drawing  (H.  Ruhemann  and  J.  Plesters,  *  The  Technique 
of  Painting  in  a  ’'Madonna"  attributed  to  Michelangelo*, 
Burlington  Magazine,  106  (1964),  546-554). 

Italian  paintings  on  canvas  occasionally  show  a 
blackish  underdrawing  in  some  areas.  The  *  Christ  and 
the  woman  taken  in  adultery*  by  Tintoretto  (Rijksmu¬ 
seum,  Amsterdam,  Cat.  2302  E2)  has  a  black  underdraw¬ 
ing  of  the  architecture,  visible  partially  with  the 
naked  eye.  This  drawing  has  been  revealed  more  complete 
ly  by  infrared  ref lectography .  Miss  Joyce  Plesters 
has  kindly  drawn  the  attention  of  the  author  to  a 
black  underdrawing  revealed  by  infrared  photographs 
in  the  robe  of  Magdalene  in  Tizian* s  *Noli  me  tangere* 
(National  Gallery,  London, -Cat.  270).  Underdrawings 
on  Italian  paintings  on  canvas  may  perhaps  be  shown 
to  occur  more  frequently  upon  investigation. 

4. 4  Attribution  problems 

Perhaps  the  most  tempting  application  of  infrared 
ref lectography  would  seem  to  be  a  reappraisal  of  the 
situation  with  regard  to  attributions  of  fifteenth 
and  sixteenth  century  paintings.  In  many  decades  of 
connaisseurship  and  scholarly  contributions  an 
impressive  framework  of  attributions  has  been  built. 
However  these  structures  are  resting  on  but  a  few 
pillars:  paintings  whose  authenticity  and  authorship 
can  not  be  questioned  are  usually  taken  as  a  nucleus. 
Around  this  kernel,  then,  various  strata  of  other 
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paintings  are  arranged  both  on  stylistic  and  historic¬ 
al  grounds.  The  terminology  ’Group’  is  therefore  a 
most  realistic  one  (Cf.  note  7).  J.  Folie  (10)  has 
shown  how  weak  such  foundations  may  be.  Using  the 
availability  of  archival  sources,  literary  documents 
and  signatures  as  criteria  for  authentication,  not 
more  than  forty  works  of  some  four  thousand  five 
hundred  known  fifteenth  century  Flemish  paintings 
could  be  retained.  The  situation  in  other  earlier 
European  schools  of  painting  is  possibly  quite  similar. 
Even  when  a  painting  may  be  considered  to  be  satisfact¬ 
orily  authenticated  this  by  no  means  implies  that  the 
painter  himself  was  responsable  ’for  each  brushstroke* 
as  Dürer  stated  with  regard  to  the  Heller-altarpiece 
(24).  The  problem  may  be  complicated  by  one  painter 
leaving  the  painting  unfinished,  its  being  terminated 
by  another  painter.  The  Ghent  altarpiece  and  the 
* Justice  of  Emperor  Otto*  panels  in  Brussels  are 
examples  of  paintings  solliciting  a  ’separation  of 
hands*.  Infrared  ref lectography  may  contribute  here. 

The  problems  related  to  workshop  practice  may  perhaps 
also  be  somewhat  disentangled  by  infrared  reflecto- 
graphy . 

Some  of  these  aspects  are  briefly  discussed  below. 

4.4.1  Grouping  around  authenticated  paintings 

Theoretically  one  could  consider  the  underdrawings  of 
historically  authenticated  paintings  as  a  starting 
point  for  a  new  and  perhaps  different  arrangement  of 
paintings  in  groups.  This  approach  is  based  upon  the 
hypothesis  that  underdrawings  are  always  by  the  hand 
of  the  ’Master*.  Such  a  hypothesis,  however,  is 
probably  much  better  than  the  one  used  in  the  more 
common  practice,  i.e.  that  the  visible  surface  of  the 
paintings  is  (mainly)  by  the  Master’s  hand.l° 

The  geographical  scattering  of  authenticated  paintings 
in  one  group  makes  this  approach,  although  most 
elegant,  rather  difficult. 

A  first  attempt  in  this  direction  using  infrared 
ref lectography  has  been  made  with  regard  to  three 
works,  now  in  the  Lakenhal  Museum,  Leyden  (Cat.  93* 

94  and  622), and  mentioned  by  Carel  van  Mander  as  by 
Cornells  Engebrechtsz  (1468-1533). 

A  number  of  other  paintings  usually  placed  in  the 
Group  Engebrechtsz  could  also  be  examined  in  various 
Dutch  museums.  A  description  of  this  work  has  been 
prepared  for  publication.^ ^Another  authenticated 
painting  the  ’Last  Judgement’  by  Lucas  van  Leyden  also 
in  the  Lakenhal  Museum  has  been  extensively  reflecto- 
graphed  with  some  other  panels  usually  attributed  to 
Lucas  van  Leyden  in  Dutch  museums.  This  material  is 
at  present  being  studied  by  J.P.  Filedt  Kok. 

It  would  seem  that  further  efforts  in  this  direction 


19 


might  prove  rewarding.  The  author  believes  that  some 
paintings  will  as  a  result  of  such  investigations  tend 
to  shift  to  the  periphery  of  the  'Group1  in  question, 
or  rather  drop  out  altogether. 

4 . 4 . 1 . 1 .  Group  Van  Eyck 

The  Ghent  altarpiece  has  been  ref lectographed  with  the 
Barnes  Infrared  Camera  in  1966  and  in  1969  with  the 
infrared  vidicon  television  system  in  close  collaborat¬ 
ion  with  the  Institut  royal  du  Patrimoine  artistique. 
Interpretation  of  the  reflectograms  was  facilitated 
by  other  existing  data  collected  by  the  Brussels 
Institute  during  the  1950-51  restoration  of  the  'Mystic 
Lamb'.  The  modifications  thus  observed  in  the  Ghent 
altarpiece  belong  mainly  to  three  groups:  those  achiev¬ 
ing  a  greater  three-dimensionality,  those  correcting 
iconographically  incorrect  or  unrealistic  renderings 
in  the  underdrawing  (Fig.  1)  and  those  affecting  the 
green  vegetation. 

Although  only  two. other  paintings  in  the  Group  Van 
Eyck  have  been  ref lectographed  some  Infrared  photo¬ 
graphs  exist  of  other  Eycklan  paintings  and  an 
attempt  has  been  made  to  review  the  Hubert/Jan  problem 
in  relation  to  the  underdrawings.  In  the  personal 
opinion  of  the  author  the  evidence  available  does  not 
necessarily  hint  at  the  presence  of  two  masters  (Cf. 
note  10).  '  • 


4 . 4 . 1 . 2  Group  Van  der  Weyden 

A  limited  number  of  paintings  in  the  Group  Van  der 
Weyden  has  been  ref lectographed.  They  are  perhaps  not 
very  typical  and  a  description  of  the  various 
characteristics  should  therefore  be  considered  as 
Incomplete,  unsatisfactory  and  only  a  preliminary 
attempt  to  make  the  material  available  (28 ,  p.  68  ff « )„ 
As  infrared  photographs  of  paintings  from  the  Group 
Van  der  Weyden  are  scarce  or  inconclusive  (15,  32) 
very  little  can  be  done  before  the  key  paintings 
(many  of  them  in  the  Prado  Museum)  have  been  examined. 
Although  the  underdrawings  revealed  so  far  are  quite 
Interesting  and  raise  a  number  of  questions  It  would 
seem  that  further  research  into,  e.g.,  the  Rogier  van 
der  Weyden  -  Master  of  Flémalle  problem  (Cf.  also 
section  4. 5^4.1)  could  only  proceed  when  material 
from  Spain  has  become  available. 

4. 4. 1.3  Group  Memling 

In  a  penetrating  analysis  of  underdrawings  such  as 
revealed  in  infrared  photographs  of  three  paintings 
in  the  Group  Memling,  Taubert  (24,  p.  113-118)  has 
described  some  characteristic  aspects  of  the  drawing 
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technique  of  this  painter: 

T  Bei  Memling  ist  zu  Beginn  der  Arbeit  am  Gemälde  noch 
keine  feste  Bildvorstellung  für  die  Einzelform 
vorhanden.  Das  Werk  setzt  sich  aus  immer  neu  ein¬ 
setzenden  schöpferischen  Bemühungen  um  die  Einzel¬ 
form  zusammen.*... 

*  Die  Unterzeichneten  Formen  werden  .  so  oft  und 

stark  verändert,  dasz  endlich  schräge  Arbeit¬ 
schraffuren  zur  Anzeichnung  des  Formzusammenhangs 
notwendig  sind . 1 

*  Die  Hände  anderer  Personen  zeigen  ebenfalls  mehr¬ 
fache  Veränderungen,  teilweise  schon  innerhalb  der 
Unterzeichnung* . (24,  p.  114) 

*  Die  schöpferische  Anspannung  durchläuft  hier  konti¬ 
nuierlich  sämtliche  Malschichten. *  (24,  p.  117). 

These  characteristics  can  be  recognized  in  the  under- 
drawings  as  revealed  by  ref lectograms  taken  from  the 
altarpiece  with *God  and  music-making  angels*  in  the 
Antwerp  Museum  voor  Schone  Künsten  (14,  No..  22). 

Some  of  the  hands  of  the  angels  may  serve  as  typical 
illustrations  of  what  Taubert  has  described  (Fig.  2). 
Bialostocki  (3)  has  recognized  and  discussed  these 
characteristics  in  the  Danzig  altarpiece  of  the  *Last 
Judgement*  (14,  No.  8). 

The  only  other  painting  from  the  Group  Memling 
reflectographed  so  far  by  the  author  is  the  fire- 
damaged  centrepiece  of  a  ’Lamentation*  in  the  Museum 
Boymans-van  Beuningen,  Rotterdam  (14,  No.  6). 

4. 4. 1.4  Group  Van  Scorel 


Paintings  of  the  Group  Van  Scorel  presently  located 
in  the,  Netherlands  have  been  reflectographed  fairly 
completely  and  extensively.  The  painting  in  the 
Church  of  our  Lady  in  Breda  has  not  yet  been  examined. 
Material  from  important  paintings  outside  Holland 
such  as  the  polyptych  of  Marchiennes,  now  in  Douai  and 
the  early  Frangipani  triptych  in  Obervellach,  Austria 
is  still  lacking. 

The  available  reflectograms  and  infrared  photographs 
of  paintings  in  this  group  would  possibly  allow  both 
a  grouping  around  reasonably  authenticated  works  and 
an  attempt  to  draw  a  chronology  of  the  underdrawings 
as  such.  0 

4.4.2  Other  possibilities  to  arrange  underdrawings 

The  systematic  approach  of  starting  with  the  investig¬ 
ation  of  underdrawings  in  authenticated  paintings, 
however  desirable,  is  not  always  possible  due  to 
geographic  and  other  obstacles.  Frequently  therefore 
one  is  forced  to  ’do*  something  with  the  available 
material  without  very  solid  reference  points. 

It  may,  e.g.,  be  attempted  to  analyse  the  various 
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characteristics  and  the  stylistic  aspects  of  the  under¬ 
drawing.  The  role  of  contours,  hatchings  and  other 
means  of  indicating  volume  may  be  considered.  Such 
particulars  as  the  way  in  which  trees,  landscapes  and 
architectural  elements  are  either  or  not  underdrawn 
can  also  be  useful. 

The  format,  not  only  of  the  painting  itself  but  also 
of  the  various  figures  in  different  1  plans1  of  the 
painting  should  be  taken  into  account. 

In  some  instances  the  characteristics  of  the  under¬ 
drawings  are  so  typical  that  when  they  are  recognized 
in  various  paintings  these  may  be  grouped  together 
with  some  confidence.  When  possible  the  linking  of 
such  a  sub-group  to  an  authenticated  painting,  may 
then  further  establish  the  authorship  more  firmly. 

The  example  from  the  Group  Memling  given  in  section 
4. 4. 1.2  would  seem  to  fall  in  this  category. 

Suggestions  for  further  investigations  may  be  found, 
e.g.,  in  the  characteristic  underdrawing  of  a  paint¬ 
ing  by  the  Master  of  1518  (Stuttgart,  Staatsgalerie, 
inv.no.  2684;  1,  p.  175,  Cat.  98)  as  published  by 
Heiber  (16)  and  partially  visible  with  the  naked  eye. 

A  great  number  of  paintings  has  been  grouped  around 
this  anonymous  Master  and  a  systematic  study  of 
underdrawings  might  well  contribute  to  this  problem. 

The  Antwerp  manierists  and  the  anonymous  masters  of 
the  fifteenth  and  sixteenth  centuries  in  general 
would  indeed  form  a  most  interesting  field  for  the 
application  of  infrared  ref lectography . 

A  very  characteristic  underdrawing  has  further  been 
revealed  by  infrared  reflectograms  of  a  Pietà 
usually  ascribed  to  the  Master  of  St  Sebastian  (Ant¬ 
werp,  Museum  voor  Schone  Künsten,  Cat.  5037^  22,  No. 
26l,  p.  232).  A  comparison  with  the  panels  now  in  the 
John  G.  Johnson  Collection,  Philadelphia  (22,  Cat.  258, 
p.  232)  from  which  the  temporary  name  of  the  Master 
is  derived  would  obviously  be  most  interesting. 

It  would  seem  that  in  judging  the  characteristic 
aspects  of  underdrawings,  due  attention  should  be 
paid  to  the  way  in  which  the  underdrawing  of  the  back¬ 
ground  landscape  and  architecture  is  handled.  Two 
examples  may  illustrate  this.  The  first  is  the  back¬ 
ground  in  a  Pietà,  usually  attributed  to  Petrus  Chris¬ 
tus  (Musées  royaux  des  Beaux-arts,  Brussels,  Cat.  139) 
and  described  by  Friedländer"  (12,  p.  88)  as  ’unique  in 
the  Master’s  oeuvre1.  It  would  be  desirable  to  invest¬ 
igate  by  comparison  with  infrared  reflectograms  of  the 
background  In  other  paintings  in  the  Group  Petrus 
Christus  (notably  the  1  Lamentation1  in  the  Metropolitan 
Museum,  New  York,  Cat.  91.26.12)  whether  the  underdraw¬ 
ing  of  the  trees  and  houses  is  also  ’unique1  or  rather 
a  ’regular’  aspect  of  Christus’  underdrawing  style. 

In  the  Brussels’  ’Lamentation’  most  trees  have  not  been 
underdrawn;  a  few  of  them  are,  however,  especially  in 
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areas  with  architecture.  There  are  two  drawn  horizons 
in  this  painting;  minor  displacements  and  modificat¬ 
ions  occur  between  the  underdrawing  and  the  painted 
surface . 

The  underdrawing  in  the  background  of  an  'Adoration 
of  the  Magi1  in  the  Group  Geertgen  tot  St  Jans  (Rijks¬ 
museum,  Amsterdam,  Cat.  950  Al)  would  also  seem  to  be 
rather  typical  (Cf.  26  and  28  Pig.  17).  The  attribut¬ 
ion  of  this  painting  has  been  questioned,  the  landscape 
has  even  been  attributed  to  the  Master  of  the 
Brunswick  triptych.  A  comparison  with  the  backgrounds 
in  the  paintings  in  Vienna  (13,  No.  6A,  6B)  which  are 
attributed  without  much  difficulties  to  Geertgen 

would  be  interesting. 21 

It  may  be  observed  here  that  a  comparison  between  the 
underdrawing  in  the  background  elements  and  in  the 
larger  figures  with  their  draperies  may  not  be  easy 
or  straightforward. 

4.4.3  Chronology 

Chronological  sequences  of  paintings  are  usually 
constructed  on  the  basis  of  dated  paintings  or  written 
sources  mentioning  both  a  particular  painting  and  a 
date.  Uncertainty  may  be  caused  by  dubious  authenticity 
of  the  date  on  the  painting  or  frame  and  by  ambiguity 
in  the  description  of  the  painting  concerned.  Stylistic 
considerations  play  an  important  rôle  as  well. 

Clearly  the  visible  surface  of  the  painting  is  the 
point  of  reference  here.  In  taking  the  underdrawing 
as  an  independent  element  in  the  construction  of  a 
chronological  sequence  the  stylistic  approach  is 
obviously  also  of  paramount  importance.  One  should  be 
able  on  the  basis  of  dated  paintings  to  use  their 
underdrawings  as  reference  points.  Possibly  then 
* early1,  'intermediate*  and  'late*  underdrawings  could 
be  recognized. 

So  far  an  attempt  to  arrange .underdrawings  in  a 
chronological  order  has  only  been  made  for  a  number 
of  Engebrechtsz*  paintings ( Cf.  note  18). 

4.4.4  Comparison  of  underdrawings  with  independent 
drawings  of  the  same  artist 

The  comparison  of  underdrawings  with  independent 
drawings  ascribed  to  the  same  artist  could  be  another 
approach.  Such  autonomous  drawings  are  scarce  before 
the  middle  of  the  fifteenth  century  in  the  North  of 
Europe. 

More  material  is  available  from  the  beginning  of  the 
sixteenth  century. 

J.P.  Filedt  Kok  has  studied  drawings  from  the  Group 
Hieronymus  Bosch  and  has  compared  these  with  under¬ 
drawings  as  made  visible  in  infrared  photographs  and 
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ref lectograms  of  paintings  from  this  Group.  A 
correlation  seems  to  be  possible  (9). 

Infrared  ref lectography  of  the  very  large  triptych 
the  TLast  Judgement1  by  Lucas  van  Leyden  has  revealed 
a  beautiful  underdrawing  under  most  of  the  painting. 22 
Shadows  are  not  only  indicated  by  firm,  modelling 
hatchings  but  also  by  washing.  Typical  is  also  the 
presence  of  many  dots  belonging  to  the  underdrawing 
(Fig.  3). 

The  underdrawing  of  the  outside  shutters  deviates  in 
many  aspects  from  that  on  the  inside  of  the  triptych 
(Fig.  4). 

A  correlation  with  the  drawings  and  etchings  either 
signed  or  attributed  to  Lucas  van  Leyden  with  the 
underdrawings  is  being  attempted  by  J.P.  Filedt  Kok. 
The  typical  style  of  the  underdrawing  in  the  Leyden 
altarpiece  defeats,  however,  a  direct  comparison  with 
existing  drawings  from  the  Group  Lucas  van  Leyden. 

4.5  Workshop  methods 

4.5.1  Introduction 

Very  little  has  been  transmitted  through  literary 
sources  about  workshop  methods  in  the  fifteenth 
century.  Occasionally  hints  are  to  be  found  such  as 
in  the  lawsuit  against  Albrecht  Cornells  (34)  and  the 
dispute  between"  Gerard  David  and  Ambrosius  Benson. 

In  the  sixteenth  century  such  information  is  perhaps 
somewhat  less  rare  (Cf.  the  information  about  Frans 
Floris  in  reference  11). 

Taubert  (24)  has  extensively  discussed  various 
aspects  of  mediaeval  workshop  methods,  and  paved  the 
way  for  a  useful  application  of  scientific  examinat¬ 
ion  of  paintings  in  this  respect* 

It  is  rather  difficult  to  search  In  a  systematic  way 
for  elements  in  the  paintings  themselves  which  could 
throw  new  light  upon  this  matter.  However,  infrared 
reflectography  may  contribute  to  collect  more  informât 
ion.  A  number  of  possible  directions  for  further 
investigations  and  some  observations  distilled  from 
the  work  done  so  far  are  given  below. 

4.5.2  Methods  of  transferjng  .  preliminary  drawings 

Methods  of  transfering  .preliminary  drawings  have 
been  discussed  by  Taubert  (24)  who  gave  some 
examples  of  the  use  of  punched  cartoons  (Cf.  section 

4. 5. 4. 3). 

Taubert  also  suggested  the  use  of  a  pantograph  in 
making  exact  copies.  Such  an  instrument  would  allow 
to  transfer  the  original  form  into  a  different  format. 
No  examples  have  been  encountered  so  far  by  reflecto¬ 
graphy  but  examination  of,  e.g.,  the  two  versions  of 
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the ’St  John’  altarpiece  of  the  Group  Van  der  Weyden  in 
Berlin  (each  panel.  77  x  48  cm)  and  Frankfurt  (each 
panel  44  x  27  cm)  could  be  most  interesting. 

Another  tool  is  the  use  of  a  grid  of  squares  both  on 
a  preliminary  drawing  on  paper  and  on  the  ground  of 
the  painting. 

A  number  of  paintings  attributed  to  Pieter  Aertsz  in 
the  Rijksmuseum,  Amsterdam,  and  the  Museum  Boymans- 
van  Beuningen,  Rotterdam  has  been  ref lectographed. 

Three  of  these  paintings,  all  panels,  showed  not  only 
an  underdrawing  but  also  a  grid  of  squares  on  the 
ground.  The  painting  representing  the  ’Seven  Sorrows 
of  the  Virgin’  in  the  St  Leonard  church,  Zoutleeuw, 
Belgium  shows  similar  grids  of  squares  which  can  be 
observed  partially  in  ordinary  light. 23  in  the  same 
church  the  ’Seven  Sorrows’  triptych  is  preserved,  also 
by  Pieter  Aertsz.  A  squared-up  drawing  in  the  Staat¬ 
liche  Graphische  Sammlung,  Munich  is  a  study  for  the 
scene  on  the  exterior  left  hand  shutter  depicting 
’St  Martin  and  the  Beggar*  (5).  With  the  eye  no 
underdrawing  or  grid  of  squares  can  be  detected  in 
this  altarpiece,  but  ref lectography  of  this  panel 
would  be  most  interesting. 

4.5,3  Division  of  labour 

In  workshops  some  division  of  labour  must  have  existed 
between  the  Master,  the  assistants  and  the  apprentices. 
Existing  evidence  from  literary  sources  and  technical 
possibilities  have  been  discussed,  by  various  authors 
(21,  24,  28).  Infrared  ref lectography  may  contribute 
to  investigate  this  problem.  Two  aspects  are  briefly 
mentioned  below. 

4.5.3»!  Different  treatment  of  outside  shutters  in 
altarpieces 

In  reflectographing  many  NorthernNetherlandish  altar- 
pieces  it  has  so  far  in  three  instances  been  observed 
that  the  underdrawing  of  outside  shutters  was  of  a 
different  and  inferior  quality  as  the  one  on  the  inside 
of  the  same  altarpiece.  ^  This  may  perhaps  be  indicat¬ 
ive  of  assistants  also  collaborating  in  making  under¬ 
drawings  . 

4. 5.3.2  Script  on  the  white  ground  of  panels 

Aullmann  (2)  has  drawn  attention  to  the  occurence  of 
colour  indications  on  the  white  ground  of  panels  by 
Conrad  Witz.  The  colour  or  pigment  to  be  used,  perhaps 
as  a  hint  for  assistants,  are  indicated  on  the 
appropriate  area  in  the  underdrawing.  Such  colour 
indications  seem  to  occur  not  infrequently . 25  It  would 
seem,  however,  that  such  indications  were  not  only 
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used  for  colours.  The  author  has  found  an  almost 
identical  three  letter  sign  two  times  in  reflecto- 
graphing  the  Memling  panels  in  the  Antwerp  Museum  ( 14 , 
No.  22),  each  time  on  the  left-hand  edge  of  a  plank 
making  up  the  panel  and  apparently  unrelated  to  the 
colour  of  the  robes  covering  the  letters.  Some  letter 
signs  have  been  revealed  by  infrared  ref lectography 
on  the  ground  of  the  Lucas  van  Leyden  ! Dance  around 
the  golden  calf*,  Rijksmuseum  (Cat.  1452  A2).  It  Is 
extremely  difficult,  however,  to  read  these  signs. 
Signs  have  also  been  found  in  ref lectographing  a 
painting  of  the  Master  of  the  Manna,  Offering  of  the 
Jews1  in  the  Rotterdam  Museum  Boymans-van  Beuningen 
(Cat.  2349). 

The  observations  in  portraits  (section  4.3.2)  may  also 
hint  at  some  division  of  labour. 

4.5.4  Copies 

4. 5. 4.1  Introduction 


It  would  seem  that  Infrared  ref lectography  might  be 
rather  useful  in  the  investigation  of  similar  versions 
of  the  same  painting.  Usually  such  versions  are  called 
’copies1  but  this  term  appears  to  have  an  unfavourable 
emotional  value.  A  more  refined  terminology  is  also 
important  from  a  systematic  point  of  view.  Various 
scholars  have  dwelled  on  this  subject  among  them 
Schöne  (23)  and  Taubert  (24,  Chapter  10).  The  termi¬ 
nology  used  by  Taubert  would  seem  to  be  the  most 
appropriate.  A  copy  is  defined  as  a  faithful  imitation 
of  an  example  (’gegenstandsgetreue  Nachahmung  eines 
Vorbildes*)  and  divided  in  two  classes 

1)  creative  copies 

2)  exact  copies. 

Paintings  in  the  first  class  follow  the  iconography  of 
the  example  partially  or  completely,  but  do  not  Imitate 
the  artistic  form  of  the  original.  This  class  includes 
paintings  in  which  some  groups  or  figures  are  copied 
but  other  parts  painted  quite  differently  as  in  the 
example  (Cf.  section  4. 5. 4. 4). 

The  methods  used  to  transfer  such  partial  elements 
may  be  studied  using  infrared  ref lectography  (Cf. 

4.5.2). 

More  interesting  in  the  present  context,  however,  are 
the  exact  copies.  This  class  includes  paintings  in 
which  the  example  has  been  Imitated  on  a  different 
scale  keeping  the  same  proportions.  Various  methods  to 
obtain  such  an  enlarged  or  reduced  Image  have  been 
discussed  by  Taubert  (24).  The  investigation  of  under¬ 
drawings  in  exact  copies  of  the  fifteenth  and  sixteenth 
centuries  Is  particularly  challenging  because  in  such 
copies  it  is  not  straightforward  to  decide  how  they 
were  created.  Supposing  that  of  two  identical  paintings 
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one  is  the  example  and  the  other  the  imitation,  it 
should  then  be  theoretically  possible  to  decide  this 
issue  by  comparing  the  two  underdrawings.  One  would 
expect  in  the  original  a  certain  creative  development 
between  the  underdrawing  and  the  final  paint  layers, 
but  the  imitation  would  have  started  from  the  surface 
of  the  finished  painting.  In  the  exact  copy  the  paint¬ 
ed  surface  would-  have  been  reproduced  without  a 
knowledge  of  the  underdrawing  of  the  original.  The 
situation  becomes  more  difficult  when  it  can  not  be 
established  that  one  of  the  paintings  is  indeed  the 
original  example  (Cf.  the  »Miraflores 1  altarpiece 
problem,  24).  Further  it  may  not  be  taken  for  granted 
that  an  exact  copy  was  always  made  when  the  example 
was  already  finished.  This  may  complicate  the  matter 
allowing  for  gradual  transitions  between  exact  and 
creative  copies.  Unfortunately  very  little  is  known 
about  workshop  practice  in  the  fifteenth  and  sixteenth 
centuries  (28,  p.  77).  It  is  one  of  the  aims,  however, 
of  a  systematic  application  of  infrared  reflectography 
to  find  new  clues  In  this  respect. 

Therefore  a  number  of  observations  is  discussed  below 
either  suggesting  further  work,  adding  quest ionmarks 
or  hinting  at  possible  explanations. 

4. 5.4.2  Group  Van  Scorel 

Two  copies  exist  of  the  panel  in  the  Rijksmuseum, 
Amsterdam  (Cat.  2189)  representing  Mary  Magdalene  seat¬ 
ed  in  a  landscape:  one  on  loan  to  the  Courtauld 
Institute  of  Art  in  London,  the  other  in  the  Museo 
Nazionale  in  Palermo  (4).  The  Rijksmuseum  painting  is 
extensively  underdrawn  except  for  a  strip  on  the  top. 

This  strip  was  supposed  to  be  an  addition  by  Bruyn  (4) 
because  it  is  missing  in  the  copy  in  Palermo.  The 
fact  that  no  underdrawing  could  be  detected  with 
infrared  reflectography  in  this  strip  and  the 
appearance  of  a  discontinuity  in  the  X-radiograph  of 
that  area  would  confirm  this  hypothesis. 

The  underdrawing  is  partially  visible  with  the  naked 
eye. There  are  many  significant  modifications, 
notably  in  the  face,  the  robe  and  the  albarello. 

An  investigation  of  the  underdrawing  in  the  two 
copies  would  perhaps  allow  to  decide  whether  the  copy 
was  made  with  a  knowledge  of  the  original  underdraw¬ 
ing,  i.e.  in  the  »workshop»  of  the  Master,  or  on  the 
basis  of  the  finished  painting  only. 

4. 5. 4. 3  Group  Gerard  David 

Cartoons  and  tracings  appear  in  the  second  half  of  the 
fifteenth  century  in  Italy  as  tools  for  the  transfer 
of  elements  in  mural  paintings  (21).  Italian  drawings 
punched  to  serve  as  cartoons  are  not  rare  (24,  p.  150) v' 
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In  fifteenth  and  sixteenth  century  painting  in  the 
North  so  far  evidence  of  such  methods  of  transfer  has 
only  been  found  in  the  Group  Gerard  David.  Taubert 
(24,  p.  153  ff.)  has  discussed  some  examples  and  Arndt 
has  shown  the  use  of  tracings  in  the  Munich  ’Adoration 
of  the  Magi’  (14,  No.  l8l).  A  further  example  of  the 
use  of  partial  tracings  is  to  be  found  in  the  predella 
of  the  altarpiece  of  *St  Anne*  (14,  No.  167).  Infrared 
photographs  show  that  a  tracing  has  been  used  for  the 
sheets  of  the  bed  with  the  three  children  and  for  the 
heads  of  the  children  in  the  tub.  The  position  of  the 
sheets  has,  however,  been  modified  in  the  final  paint, 
but  the  contours  of  the  boys  in  the  tub  have  been 
followed. 

The  characteristics  of  underdrawings  in  this  Group 
as  far  as  can  be  judged  from  the  available  material 
would  seem  to  be  a  careful  sfumatolike  indicating 
of  faces  and  hands  and  fairly  extensive  hatchings  to 
indicate  form  and  volume. 

Comparison  with  the  underdrawing  revealed  by  infrared 
reflectography  in  the  dark  blue  robe  of  the  Madonna 
in  the  ’Rest  on  the  Flight  Into  Egypt’  (Antwerp, 
Koninklijk  Museum  voor  Schone  Künsten,  Cat.  47)  shows 
that  In  that  copy  (14,  No.  212b)  all  the  linear  con¬ 
tours  are  underdrawn  precisely  as  in  the  Prado  panel 
(14,  No.  212)  but  without  any  indication  of  shades  by 
hatchings  (Cf.  Fig.  7  in  reference  27).  This  could  be 
indicative  of  a  copy  made  directly  from  the  original 
because  apparently  no  further  help  was  required  to 
paint  the  shadows. 

4. 5.4.4  Group  Master  of  the  Flgdor  Deposition 

An  attempt  has  been  made  to  compare  two  paintings  in 
this  Group:  the  ’Crucifixion’  in  the  Rijksmuseum, 
Amsterdam  (13,  No.  28)  and  a  ’Crucifixion*  in  the 
Aartsbisschoppelijk  Museum,  Utrecht  (13,  No.  29). 
Although  not  exactly  alike  in  its  entire  composition, 
many  figures  are  very  similar  in  the  two  paintings. 

It  could  be  presupposed  that  some  form  of  cartoon 
would  have  been  used  as  these  figures  (Mary,  St  John, 
horses,  etc.)  have  almost  identical  dimensions. 
Infrared  reflectography  did  not  reveal  anything  like 
an  underdrawing  in  both  paintings.  It  could  be  that 
the  Copies  were  made  outside  the  workshop  with  the 
use  of  partial  drawings  of  some  of  the  figures 
(’exempla’)  and  a  sketch  or  reminiscence  of  the  over¬ 
all  composition. 

A  planned  comparison  with  the  underdrawing  of  the 
’Martyrdom  of  St  Lucy’,  Rijksmuseum,  Amsterdam  (13, 

No.  27)  could  thus  not  be  attempted.  The  underdrawing 
in  this  painting  could  only  be  revealed  partially. 
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Conclusions 


In  this  survey  some  technical  aspects  of  infrared 
ref lectography  have  been  discussed  against  the  back¬ 
ground  of  an  increased  practical  experience  in  recent 
years.  Those  who  will  use  some  form  of  equipment  may 
perhaps  profit  from  this.  It  is  to  be  expected  that 
the  work  involved  in  photographing  and  assembling 
reflectograms  may  well  hamper  extensive  use  of  the 
method.  It  is  still  not  exactly  a  'push-button1 
method  to  be  easily  employed  by  the  interested  art 
historian.  However,  collaborarion  between  those 
possessing  some  sort  of  equipment  and  exchange  of 
material  may  well  prove  to  be  rewarding. 

The  best  way  to  apply  infrared  ref lectography  in  art 
history  is  certainly  to  collect  data  from  geographic¬ 
ally  scattered  paintings  with  a  view  of  contributing 
to  the  study  of  a  particular  art  historical  problem. 

A  systematic  study  of  paintings  in  the  Group 
Hieronymous  Bosch  and  those  related  to  the  Van  der 
Weyden/Flémalle  problem  would  be  a  case  in  point. 
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Fig.  1 

Infrared  ref lectogram  of  a  detail  in  the  panel  with 
music  making  angels  in  the  Van  Eyck  Ghent  altarpiece 
showing  the  hand  of  the  harp-playing  angel  tapping 
the  shoulder  of  the  angel  playing  the  alt-tenor 
fiddle.  In  the  painting  the  shoulder  Is  lower,  the  palm 
palm  of  the  hand  consequently  longer  and  the  index 
and  middle  finger  somewhat  lower. 

Fig-  2 

Infrared  reflectogram  of  the  hand  holding  the  bow  of 
an  angel  playing  the  fiddle  in  the  panel  Cat.  No.  780 
in  the  Koninklijk  Museum  voor  Schone  Künsten,  Antwerp. 
This  panel  is  one  of  three  paintings  representing 
’God  and  music  making  angels*  and  is  usually  attribut¬ 
ed  to  Memlinc.  The  searching  way  of  positioning  the 
hand  with  various  modifications  in  the  underdrawing 
itself  is  typical  of  Memlinc. 

Fig.  3 

Infrared  reflectogram  of  the  outstretched  hand  of  a 
prostrated  woman  in  the  foreground  of  the  centre  panel 
of  the  ’Last  Judgement*  by  Lucas  van  Leyden  in  the 
Museum  *De  Lakenhal*,  Leyden.  The  ’washed*  underdraw¬ 
ing  with  many  dots  is  characteristic  of  the  interior 
of  this  triptych.  Magnification  £.  1.5x. 

Fig.  4 

Infrared  reflectogram  of  the  right  hand  of  St  Paul  in 
the  right  hand  exterior  wing  of  the  Lucas  van  Leyden 
’Last  Judgement’  triptych.  Museum  *De  Lakenhal*, 

Leyden.  The  stylistic  differences  with  the  under¬ 
drawing  shown  in  Fig.  3  are  rather  striking. 

Fig  1.-5 

Reflectogram  of  the  right  hand  of  the  Holy  Woman 
embracing  the  Cross  in  the  centre  panel  of  the 
’Crucifixion’  by  Cornelis  Engebrecht sz  (Museum  *De 
Lakenhal’,  Leyden,  Cat.  93).  The  hand  has  been  made 
slightly  smaller  during  painting,  the  blackish  inner 
lines  at  the  middle  and  right  finger  represent  in  fact 
paint.  The  hatchings  across  the  fingers  and  those 
modelling  the  hand  are  rather  typical  of  Engebrecht sz . 
Magnification  c .  2x. 

Fig.  6 

Infrared  reflectogram  of  a  detail  in  the  panel  *  Christ 
Bidding  Farewell  to  his  Mother’,  Rijksmuseum,  Amster¬ 
dam,  Cat.  905  Al,  usually  attributed  to  Cornelisz 
Engebrechtsz.  The  characteristic  hatchings  across  the 
fingers  and  the  modelling  in  the  underdrawing  would 
support  this  attribution.  Magnification  £.  2x. 
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Notes 


1.  This  has  been  proved  by  measurements  carried  out  by 
the  author  (28).  Preliminary  results  in  detecting 
underdrawings  under  greenish  areas  in  paintings 
had  been  obtained  and  published  previously  (25). 

The  measurements  referred  to  indicate  that  there  is 
no  sense  in  using  detecting  systems  optimalized 
for  detection  in  other  areas  of  the  spectrum  to 
obtain  better  images  of  underdrawings. 

2.  The  use  of  a  lead  sulphide  detector  with  maximum 
response  at  2.0  microns  allows  optimum  penetration 
of  paint  layers  in  combination  with  a  high 
responsivity  requiring  low  illumination  levels 
(28,  p.  '49). 

3.  Kodak  Wratten  87A,  cutting  on  at  0.9  microns,  i.e. 
only  radiation  longer  than  9000  is  transmitted. 

4.  B.L.  Veen  of  the  Central  Research  Laboratory  for 

~  Objects  of  Art  and  Science,  Amsterdam  made  a 

beautifully  operating  prototype  of  the  latter 
class.  Facilities  have  to  be  provided  for  prevent¬ 
ing  inductive  interference  with  the  image  on  the 
monitor  screen. 

5.  Cf.  F.  Desvignes,  ’Problèmes  et  techniques  de  la 
télévision  en  infrarouge’.  Acta  Electrónica»  7 
(1963),  295-318. 

Dr  A.'  Bril  of  Eindhoven  has  very  kindly  tested  the 
potentialities  of  one  of  such  tubes,  a  ’tube 
saphir’  developed  at  the  Laboratoires  d’électronique 
et  de  physique  appliquées  in  Limeil-Brévannes, 

France  for  infrared  ref lectography  but  the  results 
were  not  encouraging.  Possibly  the  responsivity  of 

•.  this  tube  did  not  extend  far  enough. 

6.  A  team  consisting  of  J.P.  Filedt  Kok,  G.J.A.  Kooiman 
and  the  author  has  successfully  operated  at  the 
Central  Research  Laboratory  for  Objects  of  Art  and 
Science,  Amsterdam,  between  February  and  August 
1971.  Much  of  the  material  presented  in  this  report 
is  the  result  of  this  collaboration. 

7.  In  accordance  with  the  terminology  introduced  by  the 
Centre  national  des  Recherches  ’Primitifs  Flamands’, 
Brussels . 

8.  Such  slides  are,  e.g.,  obtained  by  photographing 
prints  of  ref lectograms  or  ref lectogram-assemblies 
with  Agfa  Dia-Direct  16°  DIN  film,  which  produces 
projectable  diapositives  in  black  and  white. 
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9.  Beneath  layers  consisting  of  lead  white  and  ver- 
million  infrared  ref lectography  does  not  reveal 
underdrawings  much  better  than  conventional  infra¬ 
red  photography.  Depending  on  such  factors  as 
pigment /medium  ratio,  layer  thickness,  etc.  the 
improvement  is  not  more  than  about  20% 9  i.e.  that 
a  layer  1/5  thicker  can  just  be  penetrated  by 
infrared  ref lectography  operating  in  the  2.0 
microns  region  of  the  spectrum.  Further  measure¬ 
ments  of  optical  parameters  required  to  predict 
the  hiding  thickness  would  be  required  in  the 
6000-10000  S  region  of  the  spectrum  to  obtain  a 
more  satisfactory  explanation. 

10.  This  has  been  systematically  attempted  by  the 
author  for  the  Ghent  altarpiece  (J.R.J.  van 
Asperen  de  Boer,  The  Ghent  Altarpiece  Re-examined , 
manuscript  submitted  to  the  Centre  National  de 
Recherches  ’Primitifs  Flamands*,  Brussels.) 

11.  E.g.  in  the  *Portrait  of  a  Pupil*  (Jan  van  Scorel), 
Museum  Boymans-van  Beuningen,  Rotterdam,  Cat.  10. 

12.  E.g.  the  *  Portrait  of  a  Man*,  Rijksmuseum,  Am¬ 
sterdam,  Cat.  2196  A3. 

13.  E.g.  the  head  of  a  donor  in  a  panel  from  the  St 
Vitus-church  Hilversum,  the  Netherlands  now  in 
the  Aartsbisschoppeli jk  Museum,  Utrecht  and  in 
the  faces  of  four  donors  in  the  Lochorst  triptych, 
Centraal  Museum,  Utrecht,  the  Netherlands,  Cat. 

256.  Both  paintings  belong  to  the  Group  Jan  van 
Scorel. 

14.  This  has  been  found  to  be  the  case  in  reflecto- 
graphing  Rembrandt* s  *Saul  listening  to  David 
playing  on  the  harp*  Mauritshuis,  the  Hague,  Cat. 
621.  The  dress  of  David  shows  a  dark  underpainting 
in  the  ref lectograms . 

15.  The  author  has  observed  that  in  a  panel  ascribed 
to  the  Master  of  San  Francesco  in  the  Lehmann 
collection.  New  York,  a  brownish  underdrawing  was 
visible  in  a  small  area  where  the  paint  layers 
had  scaled  off. 

16.  Cf.  for  instance  the  infrared  photographs  of  the 
Maestà  by  Duccio  as  published  in  the  Boll,  dell* 

1st.  Centr.  del  Restauro,  37-40  (1959),  Tav.  XXV 
and  Tav.  LIV. 

17.  An  infrared  photograph  of  an  angel’s  head  from 
this  painting,  showing  an  underdrawing,  has  been 
published  by  W.G.  Constable,  The  Painter’s  Workshop, 
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Oxford  University  Press,  London  1955,  Plate  XV  (b). 

18.  Early  Netherlandish  paintings  on  panel  are  usually 
built  up  by  a  varying  number  of  paint  layers.  The 
problem  of  how  this  creative  process  is  carried  out 
and  to  what  extent  the  Master *s  hand  is  to  be 
found  in  the  layers  between  the  underdrawing  and 
the  surface  of  the  painting  belongs  to  the  intri¬ 
cacies  of  workshop  practice. 

19.  J.R.J.  van  Asperen  de  Boer  and  A.K.  Wheelock  Jr, 

*An  Investigation  of  Underdrawings  in  some  Enge- 
brechtsz*  Paintings1.  Manuscript  submitted  to  the 
Editor  of  the  Art  Bulletin.  The  authors  show  that 
on  basis  of  a  comparison  of  underdrawings  the 
usual  attribution  to  C.  Engebrechtsz  of  two  panels 
in  the  Rijksmuseum,  Amsterdam  (Cat.  905  A1  and 
905  A2)  can  be  confirmed  (Figs.  5  and  6). 

20.  It  is  hoped  that  this  material  will  be  evaluated 
in  the  course  of  1973  by  Miss  Molly  A.  Faries. 

21.  Infrared  ref lectography  of  paintings  in  this 
Group  located  in  the  Netherlands  has  so  far  been 
inconclusive.  The  fHoly  Kinship*  (Amsterdam,  Rijks¬ 
museum,  Cat.  950)  is  much  damaged,  an  underdrawing 
has  only  been  made  visible  in  the  architecture. 

The  much-debated  *Tree  of  Jesse*  (Rijksmuseum, 
Amsterdam,  Cat.  950  A2)  is  hardly  penetrable. 

No  underdrawing  could  be  revealed  in  the  Utrecht* 
*Man  of  Sorrows*  (13,  No.  7).  The ’Virgin  and 
Child  with  angels’  (Rotterdam,  Museum  Boymans-van 
Beuningen,  Cat.  2^50)  showed  a  regular  under¬ 
drawing  in  the  Virgin’s  robe. 

22.  The  clouds  in  the  intermediate  plane  can  not  be 
penetrated  because  of  blackish  underpainting  in 
this  area. 

23.  Professor  Dr  J.K.  Steppe  of  Louvain,  Belgium  has 
first  made  this  observation  (personal  communication) 
which  was  confirmed  by  the  author.  The  medallions 

In  this  triptych  show  smaller  squares  than  the 
rest  of  the  painting. 

The  use  of  a  grid  of  squares  on  the  ground  of  the 
panel  in  connection  with  a  squared-up  preparatory 
drawing  would  not  seem  to  be  unique.  In  two  panels 
by  Pieter  Saenredam  such  a  grid  has  been  found  by 
infrared  ref lectography  (29).  Theoretically  the 
possibility  of  an  assistant  carrying  out  the  under¬ 
drawing  on  the  panel  guided  by  the  squared  drawing 
of  the  artist  may  not  be  excluded. 

In  the  paintings  in  the  Group  Pieter  Aertsz  examin¬ 
ed  so  far  there  is  no  indication,  however,  to 
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suggest  two  different  hands. 

24.  Lucas  van  Leyden,  'Last  Judgement1,  Leyden,  Museum 
»De  Lakenhai T ,  Cat.  244  (Fig.  4);  Cornells  Enge- 
brechtsz,  ’Crucifixion1,  Leyden,  Museum  'De  Laken- 
hal 1 ,  Cat.  93;  Group  Van  Scorel,  two  shutters  of 

an  altarpiece,  formerly  Hilversum,  St  Vitus  church, 
now  Aartsbisschoppelijk  Museum,  Utrecht. 

25.  J.  Taubert  (personal  communication)  has  collected 
evidence  of  this  and  is  preparing  an  article  on 
the  subject. 

26.  This  apparently  disturbed  earlier  spectators 
because  in  1806  a  restorer  obliterated  '...  A1 
de  zwarte  doorgeslagen  stippels  over  de  geheele 
tronie  en  hals  . ..’  (17,  p.  101).  His  retouches 
are  now  somewhat  discoloured  and  show  up  whitish. 

27.  More  exceptional  is  the  Raphael  ’Allegory', 

National  Gallery,  Cat.  213  a  painting  for  which 
the  punched  cartoon  has  also  been  preserved 
(National  Gallery,  Cat.  213A).  Infrared  reflecto- 
graphy  of  the  painting  could  perhaps  contribute 
to  the  problem  of  whether  the  carbon  particles 
used  in  the  transfer  were  reinforced  into  a  real 
underdrawing  (Cf.  24,  p.  156). 

28.  This  would  confirm  the  observation  of  E.  von 
Bodenhausen,  Gerard  David  und  seine  Schule a  Munich 
1905,  p.  171:  ’Im  übrigen  aber  steht  die  Mitarbeit 
eines  oder  mehrerer  Gehilfen,  besonders  für  die 
Predellenbilder  ausser  Frage  .....  Am  deutlichsten 
verrät  sich  die  ungeübtere  Hand  in  der  des  Meis¬ 
ters  ganz  unwürdigen  Modellierung  der  drie 
Knaben  im  Kübel’ .■ 

Such  an  exact  following  of  the  contour  of  the 
underdrawing  may  thus  hint  at  the  activity  of  a 
less  creative  assistant. 
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SCIENTIFIC  EXAMINATION  AND  CONSERVATION  OF  ETHNOGRAPHICAL  OBJECT 
THE  SITUATION  AT  THE  ETHNOLOGICAL  MUSEUM  IN  VIENNA 


I.  Introduction 


The  subject  on  which  I  am  to  speak  is  of  general  importance 
to  conservators  of  ethnographic  collections.  For  the  newly' 
founded  ‘'Patrimoine  Ethnographique"  I  think  it  will  be  most 
helpful  to  review  what  possibilities  exist  at  the  Ethnological 
Museum  in  Vienna  for  the  examination  of  ethnographic  objects, 
which  goals  we  have  in  doing  so  and  what  guidelines  are  followed, 
as  well  as  to  give  a  conspectus  on  conservation,  which  we  have 
endeavoured  to  carry  on- in  a  scientific  way  for  some  time. 

The  possibility  of  having  scientific  examinations  and  proper 
conservation  of  ethnographical  objects  carried  out  by  professional, 
specially  educated  persons  exists  for  only  about  ten  years.  The 
evolution  of  the  Ethnological  Museum 0  )  was  not  easy.  Its  pres¬ 
entation  is  necessary  for  understanding  the  present  situation. 
Originally,  the  Ethnological  Museum  formed  part  of  the  "Anthropo¬ 
logical-Ethnographical  Department"  of  the  Museum  of  Natural  Hist¬ 
ory  as  the  "Ethnographical  Collection";  due  to  limited  space  it  • 
was  moved  in  192 7  to  the  first  floor  of  the  Ring  Street  tract  of 
the  New  Hofburg  and  set  up  as  an  independent  scientific  collect¬ 
ion  (under  the  sign  Mf V.  on  25  May  1928).  During  the  last  war 
most  of  the  collection  was  hidden;  a  hospital  which  had  been 
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bombed  had  to  be  moved  into  a  majority  of  the  show  rooms.  This 
was  a  very  unfortunate  situation  for  such  a  significant  ethno¬ 
logical  collection  and  lasted  until  1956. 

The  Ring  Tract  of  the  New  Hofburg  in  which  the  Ethnological 
Museum  is  now  contained  was  originally  intended  as  private 
quarters  for  the  Kaiser  and  his  family  but  was  in  fact  never 
used  as  such.  Already  in  1901  this  part  of  the  splendid  build¬ 
ing  of  the  New  Burg  was  partly  and  since  1907  -  through  the 
initiative  of  Archduke  Franz  Ferdinand  -  entirely  used  as  a 
museum.  Using  present,  modern  standards  the  premises  were  how¬ 
ever  not  at  all  ideal  for  housing  a  museum.  This  particularly 
applies  to  the  technical  spaciousness,  the  installations  an5  the 
store  rooms.  It  was  necessary  to  come  to  terms  with  installing 
a  chemical  laboratory,  a  restoration  workshop  and  other  technical 
furnishings  in  this  prescribed  situation.  General  conservation 
measures  for  the  protection  and  preservation  of  the  collection 
are  also  made  more  difficult  by  this  situation.  However,  such 
difficulties  are  faced  in  other  museums  of  the  world,  which  do 
not  have  the  good  fortune  of  having  a  new  house  from  the  very 
beginning  or  the  possibility  of  planning. 

Furthermore,  the  care,  conservation  and  restoration  of  the 
objects  lay  earlier  in  the  hands  of  more  or  less  unschooled, 
unknowing  personnel.  This  refers  generally  to  the  situation 
in  this  field  when  the  practice  wf  conservation  was  not  yet 
touched  and  stimulated  by  the  findings  of  the  natural  sciences. 
Therefore,  it  was  almost  completely  dependent  on  the  attitude 
of  the  person,  on  his  serious  striving  and  will  to  adopt  auto- 
didactic,  empirically  founded  knowledge,  how  responsibly  and 
successfully  the  restoration  was  performed.  The  art  of  restor¬ 
ation  was  usually  carried  out  as  a  secret  science,  methods  were 
not  revealed  and  usually  carried  to  the  grave.  This  situation 
may  have  been  very  similar  elsewhere. 
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II.  Facilities  for  Examination  and  Conservation 


In  I960  a  chemical  laboratory  was  installed,  and  a  few 
years  later  a  restoration  workshop  was  built.  Both  are  manned 
by  a  chemist,  who  is  also  a  graduated  ethnologist,  and  an 
academic  restorer.  Due  to  personnel  policy  and  budgetary 
reasons  it  has  not  been  possible  to  enlarge  the  staff.  This 
would  be  desirable  in  view  of  the  steadily  increasing  lab¬ 
oratory  examinations  and  especially  for  the  restoration 
department.  Particularly  in  an  ethnographical  museum  of  the 
size  of  ours  the  most  varied  types  of  materials  fall  to  restor¬ 
ation.  It  is  a  great  advantage  to  have  a  restorer  specialized 
in  the  most  important  material  classes,  such  as  stone  and 
ceramics,  wood  and  organic  materials,  such  as  paper  and  bone, 
etc.,  metals  and  textiles.  Each  of  these  groups  of  materials 
demands  special  skill  and  treatment. 


Ill .  Exhibition  and  Storage  Conditions 

As  already  noted,  the  premises  of  the  museum  do  not  meet 
the  ideal  standards  which  would  be  required.  This  applies 
particularly  to  the  store  rooms.  Only  about  four  per  cent  of 
the  entire  collection  can  be  exhibited  in  the  show  rooms.  The 
rest  is  stored  in  rooms  in  the  basement,  in  the  few  store  rooms 
on  the  first  floor  and  in  the  cupboards  and  drawers  below  the 
show  cases. 

For  proper  preservation  of  the  collection  pieces  it  is 
extremely  important  to  control  the  environmental  conditions, 
since  they  can  be  the  fundamental  cause  of  damage  and  deterior¬ 
ation  of  ethnographical  objects (2).  of  great  importance  in 
this  connexion  is  the  degree  and  fluctuation  of  the  relative 
humidity.  A  too  low  and  strongly  fluctuating  humidity  is  verv 
bad  for  objects  of  wood,  bark,  ivory  -  in  other  words,  for  any 
organic  material.  Objects  of  this  type  usually  come  from  areas 
with  a  high  humidity  and  must  be  very  slowly  acclimated  to  the 
museum.  They  may  never  be  stored  too  dry;  otherwise,  with  wood 
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and.  ivory  for  example,  cracks  result.  Objects  made  up  of 
diverse  materials  are  particularly  sensitive  to  abrupt 
changes  in  humidity  because  their  components  may  react 
quite  disparately.  The  illustrations  of  the  Guatemalen 
cult  mask,  which  had  been  repainted  several  times  for 
rituals,  show  what  damage  can  result  from  sudden  drying. 

The  crate  containing  the  mask  was  delivered  by  a  transport 
company  on  a  weekend  and  left  standing  for  two  days  next 
to  the  central  heating  radiators. 

Consistently  high  humidity  activates  fungus  growth  for 
example  on  animal  skins  and  distemper  bases.  It  can  also 
cause  corrosion  on  metal  objects  and  salt  efflorescence  on 
porous  ceramics. 

For  reasons  of  finance  .and  particularly  of  space  and 
execution,  there  is  no  possibility  of  installing  air  condit¬ 
ioning  in  our  building.  What  then  might  be  done  to  keep  the 
atmosphere  in  the  museum  at  a  relatively  "harmless"  level? 

We  try  to  keep  an  average  level  of  humidity  between  55  and 
65  per  cent  at  20°C  by  using  portable  humidifiers  and  de¬ 
humidifiers.  Property  in  the  store  rooms  is  arranged  accord¬ 
ing  to  regional  aspects.  Separation  according  to  different 
classes  of  materials  would  be  much  more  favourable  for  the 
regulation  of  respective  environmental  conditions  (humidity). 
All  rooms  of  the  museum  -are  centrally  heated  so  there  is  a 
guarantee  that  the  temperature  does  not  fall  much  below  20°C. 

Direct  and  indirect  sunlight (3)  _  because  of  the  energy 
it  contains  (photons)  -  can  also  harm  organic  materials  such 
as  dyes,  textiles,  paper,  glue  and  varnish.  Such  damage  is 
more  probably  and  greater  the  shorter  the  light  waves  are, 
in  other  words  the  more  intensive  the  light  is.  Decomposition 
of  this  type  is  slow  but  steady  and  irreversible. 

In  order  to  avoid  damage  by  light  we  try  to  shut  cut  the 
ultra-violet  rays  as  much  as  possible  and  to  keep  the  light 
at  a  low  level,  in  any  case  below  50  Lux(d).  Light  sensitive 
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materials  are  in  glass  cases  of  several  millimeters  thickness = 
The  danger  of  light  damage  is  minimal  in  the  store  rooms, 
which  in  most  cases  con  be  only  lighted  artif ically.  Light 
sensitive  materials  are  best  stored  here  in  cupboards  and 
drawers.  Still  in  -an  experimental  stage  is  an  UV  varnish 
which  provides  a  good  UV  absorbing  affect  when  applied  to 
glass.  Light  bulbs  and  fluorescent  tubes  (type  "warm-white 
delux")  supply  artificial  illumination.  It  should  be  noted 
that  irreparable  damage  can  arise  from  strong  light  exposure 
of  even  short  duration  in  photographing  objects  which  are 
very  light  sensitive. 

Damage  to  objects  through  too  compact  storage  should  be 
avoided.  Of  great  help  here  are  box-like,  sliding  wall  cup¬ 
boards  (5) f  which  are  also  good  space-savers.  Objects  in  the 
store  rooms  should  be  covered  to  protect  them  from  dust  and 
dirt.  We  have  also  experienced  that  it  is  better  not  to 
leave  weapons  in  their  cases.  Even  after  thorough  restor¬ 
ation  corrosion  can  take  place  after  the  weapons  are  returned 
to  their  cases. 


IV.  Fumigation 

All  objects  acquired  by  the  museum  which  are  susceptible 
to  insects  should  be  fumigated  upon  arrival  before  they  come 
in  contact  with  other  pieces  and  before  they  are  added  to  the 
inventory.  This  is  a  routine  precaution  to  prevent  possible 
spread  of  inf ection(6 ) o  At  present  we  are  still  using  carbon 
disulphide  which,  however,  will  soon  be  replaced  by  the  more 
effective  ethylene  oxide^).  We  also  have  access  to  the 
hydrogen  cyanide  and  methyl  bromide(^)  fumigation  systems  of 
the  Federal  Monuments  Office  (Bundesdenkmalamt )  and  the  Museum 
for  Natural  History. 

It  is  also  important  to  take  preventive  measures  against 
insect  attacks.  The  entire  collection  is  regularly  checked 
for  insects o  Furthermore,  it  iâ  the  duty  of  every  staff  member 
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to  report  immediately  any  signs  of  insects  so  that  a  fumigation 
can  be  carried  cut  before  they  spread. 

Besides  taking  immediate  measures  in  the  case  of  a  serious 
attack  by  insects,  it  is  also  necessary  to  take  in  advance- 
preventive  measures  towards  lasting  protection(9y „  In  this 
connexion  Xylamon,  and  as  A .  Werner (10)  reports,  also  p-dichlor 
benzene,  benzene  hexachloride ,  DDT,  Vapona  Strips  grive  good 
results.  That  certain  pests  build  up  resistance  or  become 
immune  to  preparations  used  over  a  long  period  should  not  be 
forgotten.  For  good  control  of  pests  it  is  important  to  use 
insecticides  at  the  most  effective  times  (spring  and  early 
summer ) . 


V.  Methods  of  Treatment 


In  the  choice  of  methods  of  treating  ethnographical  objects 
we  adhere  generally  to  the  procedures  suggested  by  Plenderleitr 

(11)  or  in  the  publication  The  Conservation  of  Cultural  Property 

(12)  as  well  as  by  B.  Muehlethaler  0  3),  G .  Matz  anätz "Cl  4) ,  etc. 
Not  to  be  neglected  is  the  conscientious  study  of  periodicals 
dealing  with  restoration  and  conservation ( 1 5 ) . 

The  main  principle  to  be  followed  in  any  restoration  or 
conservation  should  be  to  view  and  treat  each  object  as  an 
object  sui  generis.  There  can  not  and  should  not  be  any  one 
method  for  treating  everything.  The  question  of  the  right 
method,  of  the  special  ways  and  means  as  well  as  of  the  extent 
of  the  restoration  must  always  be  asked  anew.  From  case  to 
case  the  answer  is  different.  When  necessary,  methods  should 
be  modified.  An  example  helps  to  explain  this  further  * 

A  special  problem  for  the  curator  of  ethnographical  collect¬ 
ions  is  presented  by  wood  carvings  which  carry  only  a,  lightly 
applied,  non-adhesive  paint.  Colour  has  been  applied  to  many 
wooden  objects,  particularly  to  those  of  Oceania  and  Africa,  iv 
a  variety  of  techniques;  usually  ground  earth  pigments  are 
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moistened  with  water  and  applied  with  the  finger  or  a  primitive- 
brush.  In  some  cases  glue  (i.e.,  of  plants)  has  been  used  as  a 
binding  medium.  The  colour  has  often  sufferer  from  abrasion . 
flaking  and  dust.  The  conservation  of  such  colour  coatings  has 
been  an  unsolved  problem,  whose  solution  is  urgently  needed  in 
view  of  the  numerous  badly  preserved  objects  of  this  type. 

After  manifold  attempts,  we  arrived  at  the  following  process 
in  co-operation  with  the  Master  Schocl  for  Conservation  and 
Technology  of  the  Academy  of  Fine  ArtsO^). 

Firstly,  dirt  and  dust  are  removed  from  the  object  by  means 
of  a  soft  artist’s  rubber.  This  can  also  be  done  with  small 
cotton  swabs  moistened  with  soap  B— 30.  Afterwards  the  painter 
surface  is  consolidated  with  a  diluted  solution  of  gelatine-gum 
tragacenth  and  methyl-cellulose.  For  water  repellent  surfaces 
or  very  dense  wood  it  is  recommended  to  add  a  bathe tonic  agent 
to  the  solution o  Initially  the  solution  was  applied  with  a  fine 
camel-hair  brush.  In  particularly  sensitive  cases,  where,  for 
example,  the  colour  is  only  very  lightly  applied,  it  is  better 
to  spray  on  the  solution. 

Because  of  the  great  number  of  objects  which  had  to  be  re¬ 
stored  in  this  way,  it  very  soon  ueeame  obvious  that  in  order 
to  save  time  the  spraying  should  be  done  by  means  of  a  highly 
efficient  spray  gun.  To  this  end  the  methodology  had  to  be 
modified  0 7) „  The  three  basic  components  of  the  conserving 
solution  were  kept,  however,  the  ratio  of  components  was  some¬ 
what  changed.  Furthermore,  the  bathotonic  agent  ox-gall  was 
replaced  by  Neka!  and  a  fungicidal  conserving  agent  was  added 
to  the  fixing  agent  mixture,.  The  success  of  the  restoration  is 
shown  by  a  ceremonial  mask  of  the  Kurumba.  The  right  half  if 
unrestored;  the  left  half  has  been  conserved.  The  method  has 
another  advantage  as  well,  as  described  by  A.  Werner;  namely, 
that  it  stabilizes  the  paint  without  changing  its  aesthetic 
appearance . 


Vio  Documentation 
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One  principle  of  restoration  is  the  keeping  of  sufficiently 
exact  records.  Prior  to  any  restoration  or  conservation  the 
condition  of  the  object  is  recorded  and  if  possible  photograph:' 
The  conservation  procedure  and  the  materials  used  are  noted  aro 
whcn  necessary  supplementary  examinations  are  carried  out  in  th'^ 
laboratory.  After  completion  the  restoration  is  documented  in 
restoration  report  (see  Appendix  I). 

We  consider  documentation  an  extremely  important  component 
of  restoration.  Through  it  we  learn  about  the  success  or  fail¬ 
ure  of  a  restoration.  Any  critique  of  the  methods  used  must  be 
based  on  the  documentation«, 


VI I .  Security  Systems 

In  an  extreme  sense  of  the  word  conservation  of  museum 
collections  includes  protection  from  burglary,  robbery,  fire, 
damage  and  the  effects  of  war ( 1 8 ) .  The  world-wide  increase  in 
the  robbery  of  works  of  art  induced  us  to  protect  our  valuable, 
irreplaceable  collection  by  means  of  technical  installations  to 
the  extent  allowed  by  finances.  The  possibilities  of  protecting 
cultural  property  in  a  museum  from  burglary  and  theft  are  varied 
This  applies  also  to  their  efficiency  and  dependability  as  well 
as  to  the  cost. 

We  chose  two  types  of  safeguards  against  burglary (  1  9 )  ;  -]  ) 
under  constant  protection  in  specially  designed  alarm  show  cases 
are  particularly  valuable  objects.  Store  room  doors  are  esp¬ 
ecially  vulnerable  and  are  also  permanently  secured  against 
burglary,  2)  Exposed  exhibition  rooms  .are  fully  secured  against 
burglary  during  non-visiting  hours  (night-time)  by  a  completely 
automatic  supersonic  alarm  system.  This  type  of  security  system 
as  opposed  to  infra-red  rays  has  the  advantage  that  flexibility 
in  arranging  exhibits  is  maintained.  Exhibit  walls,  cases,  etc. 
do  not  get  in  the  way  when  reorganizing  displays  as  does  the 
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pencil  of  rays  of  the  infra-red  system«,  The  entire  system  is 
centrally  regulated,  coded  and  secured  against  burglary.  The 
alarm  follows  accoustically  (sirens)  by  means  of  a  direct 
connexion  to  the  central  police  station  and  by  an  automatically 
controlled  telephone  call  to  a  scientific  employee  of  the 
museum . 


It  is  very  important  that  the  firm  responsible  for  inst¬ 
alling  such  a  system  makes  periodical  checks  and  maintenance. 
The  capacity  of  an  alarm  system  should  be  large  enough  that  it 
can  be  expanded  at  any  time. 


VIII.  Goals  and  Methods  of  Scientific  Examinations  of  Ethnographic 

Objects 

Compared  to  earlier  times  there  are  now  numerous  and  varied 
chemical  and  physical  methods  available  which  can  help  to  evaluate 
and  describe  better  objects  assembled  by  museums.  In  describing 
and  classifying  objects  one  is  no  longer  completely  dependent  on 
the  stylistic  characteristics  which  earlier  ended  at  a  comparison 
of  forms,  figurative  motif,  ornaments,  etc.  -  the  so-called  form 
and  style  criterion.  Questions  about  the  exact  material  nature 
of  the  objects,  their  origin  and  age,  about  the  technical  process 
of  their  production  could  only  very  inconclusively  -  if  at  all  - 
be  answered.  However  there  lies  latent  in  every  object  a  certain 
measure  of  cultural-historical  value. 

With  the  support  of  other  institutes  the  laboratory  of  the 
Ethnological  Museum  has  been  carrying  out  for  ten  years  such 
examinations  on  ethnographic  objects.  In  other  countries  large 
examination  institutes  which  serve  this  purpose  have  existed 
for  some  time. 


What  goals  do  we  have  in  mind  in  examining  ethnographical 
objects;  what  general  rules  and  guidelines  must  be  considered? 
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The  examinations  are  carried  out  for  different  purposes: 

1 )  To  guarantee  a  sufficiently  precise  description  of  the 
objects  in  the  inventory  as  far  as  condition  of  the 
materials  is  concerned,,  In  most  cases  short  tests  and 
simple  analytical  methods  suffice (20).  in  cases  where 
our  experience  and  equipment  are  not  sufficient  to 
arrive  at  a.  decision,  we  refer  to  a  specialized  instit  ¬ 
ute. 

2)  A  second  very  important  reason  for  examinations  is  the 
appraisal  of  new  acquisitions.  This  refers  mainly  to 
recognizing  wrongly  declared  objects  or  even  falsific¬ 
ations.  Particularly  when  large  sums  of  money  are 
involved  it  is  important  to  inspect  objects  thoroughly 
before  they  are  bought.  Of  course  in  such  cases  scient¬ 
ific  examinations  gain  much  signif icance.  They  provide 
considerable  guarantee  but  must,  however,  be  supplement  - 
ed  by  other  methods  of  critical  determination,  for 
example  style  analysis  and  the  study  of  sources  and 
written  material.  The  use  of  subject  material  for 
drawing  comparisons  is  absolutely  advisable.  The 
success  of  such  scientific  examinations  depends  finally 
on  the  special  case,  the  type  of  material  and  the 
problem  presented. 

3)  Sometimes  it  is  necessary  to  examine  objects  prior  to 
their  restoration  in  order  to  clarify  serious  and  above 
all  unaccountable  traces  of  corrosion.  Such  examinat¬ 
ions  should  show  the  way  to  a  proper  restoration.  Which 
procedure  is  then  used  in  the  restoration  usually  dep¬ 
ends  on  the  results  of  such  investigations .  Should  the 
object  be  in  a  very  bad  condition,  they  will  determine 
just  hew  thorough  the  restoration  may  be  done  without 
damaging  the  object.  Any  retouching,  copying  or  rest¬ 
oration  are  better  carried  out  if  the  characteristics 
and  complexities  of  the  object  are  known.  In  this  way 
one  can  best  indicate  the  most  suitable  and  dependable 


methods  of  restoration  or  work  these  out  himself. 

When  necessary,  methods  and  technical  materials  will 
have  to  be  tested  for  their  harmlessness  and  suit¬ 
ability. 

A  concrete  example  of  this  type  of  examination:  traces 
of  unusual  corrosion  were  found  on  gold-copper  alloys, 
the  so-called  Tumbaga,  from  Central  America^21).  It 
was  proved  that  the  unusually  strong  corrosion  which 
appeared  in  our  collection  in  small  figures  from  the 
Chirici  region,  were  due  to  inner  factors  and  had  to 
be  attributed  mainly  to  the  special  gilding  technique, 
the  mise-en-colour  gilding.  The  objects  were  very 
fragile  and  broken  in  several  places.  The  inside  had 
a  black,  porous  appearance.  Over  the  surface  lav  a 
thin  gold  skin. 

4)  Another  special  occasion  for  examination  is  offered  by- 
collections  which  contain  not  only  the  final  products 
of  indigenous  peoples,  but  also  the  materials  and  tools 
used  in  their  manufacture.  Examining  the  raw  materials 
and  intermediary  products  as  well  as  the  tools  can 
provide  a  valuable,  scientific  supplement  to  the  mat¬ 
erial  collected  by  the  field  research  and  to  the  in¬ 
formation,  names,  etc.,  which  he  has  obtained  from  the 
natives.  Incorrect  statements  can  be  corrected.  Such 
examinations  can  greatly  help  to  better  understand  old 
techniques  which  have  been  passed  on  for  many  years. 
They  can  also  differentiate  in  the  case  of  complex 
processes  between  technically  necessary  materials  and 
procedures  and  possible  ingredients  and  manipulations 
whose  use  can  only  be  attributed  to  cult  beliefs  or 
ritual  practice. 

Several  examinations  on  such  welcome  collections  coul , 
be  carried  out  in  recent  years (22). 
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5)  Last  of  all  I  would  like  to  speak  about  those  exam¬ 
inations  which  are  of  purely  scientific  interest  and 
which  can  be  considered  only  in  close  connexion  with 
concrete  ethnological  problems.  Intentions  and. 
statement  of  the  problem  for  such  examinations  vary 
from  case  to  case.  A  pre-requisite  for  a  sufficient 
interpretation  of  the  results  of  the  analysis  is  how¬ 
ever  that  the  objects  or  materials  to  be  examined  are 
precisely  documented  according  to  source,  etc.  On 
principle  we  examine  only  objects  about  which  we  know 
the  exact  circumstances  of  procurement,  the  regional 
and  tribal  localization,  the  person  from  whom  acquired 
and  the  date  of  acquisition  and  when  there  is  moreover 
an  expedition  report  or  other  written  source  giving 
more  information  and  hints.  The  analysis  of  an  un¬ 
identified  object  is  worthless.  Exceptions  to  this 
rule  are  only  then  permitted  when  a  representative 
number  of  defined  experiments  have  been  made  of  the 
problem.  In  such  cases  one  can  also  sometimes 
consider  the  analysis  of  a  less  clearly  defined  object 
if  there  is  a  reasonable  chance  that  on  the  basis  of 
preliminary  work  the  subject  can  be  better  defined  or 
classified  or  if  the  object  is  to  verify  uncertain 
statements ) # 


IX.  Guidelines  and  Principles  of  Examination 

The  value  of  an  examination  depends  decidedly  on  the  taking 
of  samples  and  the  analytical  methods  used.  In  talcing  samples 
strict  standards  must  be  adhered  to  in  order  that  the  value  of 
an  analysis  is  not  put  in  question  from  the  start (2d)#  Concern¬ 
ing  the  analytical  methods  used,  a  detailed  description  must  be 
demanded,  including  the  size  of  sample  used.  Only  in  this  way 
can  a  critique  of  the  analysis  results  or  their  reproduction  be 
made.  Very  much  depends  also  on  the  choice  of  the  most  suitable 
method (2 5)  or  methods.  The  criteria  according  to  which  different 
analytic  processes  are  chosen  and  used  are  dependent  of  various 
f  vectors  : 
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1)  The  material  and  type  of  sample  (inorganic  or  organic  ; 
solid  form,  metal  alloys,  solution,  gas,  etc.); 

2)  Approximate  composition,  not  only  in  regard  to  the 
component  sought  but  also  to  impurities; 

3)  The  presentation  of  the  problem,  the  type  of  inform¬ 
ation  desired,  the  required  accuracy.  Is,  for  example, 
only  the  determination  of  the  composition  desired  or 
also  an  analysis  of  the  structure  of  metals.  Does  a 
purely  qualitative  indication  of  the  sample  components 
•with  a  rough  assessment  of  size  relationships  suffice 
or  does  it  depend  on  exact  quantitative  determination 
of  single  or  all  elements.  Or  is  it  to  be  tested  for 
particularly  significant  tracer  elements; 

4)  The  desired  speed  for  execution; 

5)  Destruction  or  preservation  of  the  s ¿imp le.  Of  special 
pertinence  in  work  with  art  and  cultural  objects  arc 
non-destructive  methods; 

6)  The  availability  and  cost  of  equipment; 

7)  Personnel  factors. 

It  might  be  necessary  to  compromise  between  the  requirements 
listed  above  and  the  realizeable  possibilities.  For  example, 
precision  is  not  usually  compatible  with  speed  in  an  analysis. 

What  is  decisive  for  a  given  method  is  in  many  cases  the  personal 
preference  of  the  analyst,  who  will  choose  that  method  with  which 
he  is  most  familiar.  The  time  spent  and  cost  of  equipment  are  to 
be  considered  in  regard  to  the  required  precision.  Each  method 
has  its  principal  range  of  application  and  its  limitations.  The 
use  of  two  or  more  independent  methods  tend  to  increase  the  trust¬ 
worthiness  of  the  findings.  A  majority  of  analytic  methods  touch 
on  a  comparison  of  characteristics  of  samples  of  unknown  composi¬ 
tion  with  the  same  characteristics  of  a  specimen  or  series  of 

specimens  of  known  composition  which  contain  the  same  substance 
which  is  sought  in  the  unknown  sample. 
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X„  Examples  of  Analytic  Work 

The  laboratory  of  the  Ethnological  Museum  in  Vienna  has 
for  ten  years  carried  out  examinations  of  ethnographic  objects 
which  generally  were  then  published.  Of  special  importance 
were  the  following: 


1)  Arrow  poison  analyses:  Chemical  and  toxicological 
examinations  of  curare(26)._  Eighty  samples  of  old 
and  recent  curare  were  examined  for  their  alkaloid 
content  and  conclusions  drawn  as  to  their  regional 
and  tribal  origins.  The  plants  used  in  their  product¬ 
ion  could  be  partly  reconstrued.  Even  150  year  old 
samples  yielded  an  unweakened  potency. 

2 )  Examination  of  metal  objects  from  Central  and  South 

America:  Determination  of  the  composition  anl  the 

production  technique  of  the  gold  appliqué  of  the 

headdress  of  the  Ambras  collection  which  is 
attributed  to  Montezuma.^2? ) .  Examination  of  specific 
gilding  techniques  (mise-en-colour ) (28) . 

3)  Examination  of  "Benin-bronze"  with  regard  to  the  alloy 
composition  and  casting  technique.  This  concerns  brass 
founding (29 ) . 

XI.  Conclusions 

The  work  of  the  chemical  laboratory  over  the  past  years  has 
shown  in  which  areas  it  can  be  of  indispensable  help  and  service 
to  the  activities  of  the  museum.  A  director  of  a  museum  might 
abandon  the  creation  of  a  laboratory  because  of  the  high  costs 
involved  in  equipping  and  operating  it.  Such  considerations  can 
be  refuted.  The  construction  of  a  small,  efficient  laboratory 
similar  to  ours  can  be  effected  with  relatively  small  expense t 30 > 
Important  is  that  the  personnel  can  adjust  to  the  various  dom._ui 
and  that  by  constant  personal  contact  with  schools  and  other 


specialized  experimental  and  research  institutes  good  co-oper¬ 
ation  can  be  attained.  Experiments  which  demand  expensive, 
specialized  equipment  can  be  performed  by  these  institutes. 

Any  expenses  thus  incurred  can  easily  be  carried  by  the  museum. 
Should  the  acquisition  of  a  very  expensive  special  apparatus 
be  required,  its  amortization  must  be  considered  and  at  the 
same  time  its  operator  arranged.  Highly  specialized  apparatus 
for  analysis  need  one  or  two  trained  operators  if  the  tests 
are  to  be  properly  carried  out. 

If  a  laboratory  is  installed,  there  must  be  a  guarantee 
that  the  financial  resources  for  new  equipment  and  operating 
costs  .are  available.  The  costs  for  the  laboratory  should  be 
separated  in  the  budget  of  the  museum  from  the  other  capital 
and  procurements  (i.e.,  purchase  of  new  items  for  the  collection) 
Otherwise,  it  may  come  to  unpleasant  rivalry,  which  usually  ends 
in  favour  of  new  acquisitions  for  the  collection. 

In  European  ethnographic  museums  there  is  still  much  need 
for  improvement  as  far  as  the  installation  of  well-equipped 
restoration  workshops  and  laboratories  and  skilled  personnel 
are  concerned.  It  is  to  be  hoped  that  the  new  working  group 
"Patrimoine  ethnographique"  can  help  to  breach  these  shortcomings 
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MUSEUM  FÜR  VÖLKERKUNDE,  VIEN 


RESTAURIERBERICHT 

Auftraggeber! 

Auftragserteilung,  Datum! 

Objekt!  Inv.Nr.i  Slg.i 

Besitzer: 


Beschreibung  des  Objektes! 
(ev.mit  Photo) 


Materialart  (ev.mit  Untersuchung)! 


Schaden: 


Untersuchungen  zur  Schadensklärung,  bzw#  Schadensbehebung! 


